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SUMMARY
The a im s o f  t h i s  p r o j e c t  w ere to  i n v e s t i g a t e  th e  e x te n t  o f 
s o c ia l  o rg a n isa tio n , and th e  adap tive  s ig n if ic a n c e  o f  m ixed-species 
f lo c k in g ,  in  two s p e c ie s  o f  w aders  w in te r in g  on ro cky  s h o re s . The 
ap p ro ach  ad o p ted  was to  s tu d y  f i r s t l y  th e  s t a b i l i t y  o f  th e  
p o p u la t io n s ,  th ro u g h  m o n ito r in g  o f  th e  m ovem ents o f  m arked 
in d iv id u a ls  and th e  p o p u la tio n  as  a whole. T his was follow ed by more 
d e t a i l e d  a n a ly s e s  o f  th e  a s s o c ia t i o n s  b e tw een  in d iv id u a l  b i r d s .  
S evera l major c o s ts  and b e n e f i ts  o f flo ck in g  were then  in v e s t ig a te d , 
w ith  em phasis on how th e se  v a rie d  according to  the  com position and 
d e n s i t y  o f  th e  f l o c k ,  t h e  i d e n t i t y  o f  t h e  i n d i v i d u a l ,  th e  
environm ent and th e  tim e o f year. The observed flo ck in g  dynamics of 
th e  two sp ec ie s  were th en  compared to  those  p re d ic te d  on th e  b a s is  
o f  th e  c o s t / b e n e f i t  a n a ly s e s  o f  f lo c k in g ,  and th e  m echanism s o f  
th e se  flo ck in g  ten d en c ies  in v e s tig a te d .
The r e s u l t s  showed t h a t  tu r n s to n e s  A re n a r ia  i n t e r p r e s  and 
p u rp le  sandpipers C a l id r is  m aritim e formed very  s ta b le  com m unities, 
w ith  very  l im ite d  p o p u la tio n  tu rhover during  th e  course o f a w in te r , 
h ig h  s u r v iv a l  r a t e s  and a h ig h  d e g re e  o f  s i t e  f a i t h f u l n e s s  by 
in d iv id u a l  b i r d s  b e tw een  y e a r s .  A n a ly ses  o f  tu r n s to n e  m ovem ents 
re v e a le d  t h a t  b i r d s  m a in ta in e d  s m a ll  home ra n g e s , and so  came in  
c o n ta c t  w ith  o n ly  a  l i m i t e d  number o f  o th e r  c o n s p e c i f ic s .  T h is  
enabled th e  fo rm ation  o f a dominance h ie ra rc h y , presum ably based on 
in d iv id u a l  r e c o g n i t io n ;  d o m in an t tu r n s to n e s  s t o l e  food from  more 
s u b o rd in a te  b i r d s  w henever p o s s ib le ,  le a d in g  to  h ig h  r a t e s  o f  
a g g re s s io n  in  h ig h  d e n s i t y  f lo c k s  and av o id an c e  o f  d o m in an ts  by 
su b o rd in a tes . A ggression and in te rfe re n c e  in  feed ing  c o n s t i tu te d  a 
c o s t  o f flo ck in g  to  a t  l e a s t  th e  m a jo rity  o f b ird s  o f both sp ec ie s , 
e s p e c i a l l y  a t  h ig h  d e n s i t i e s  o f  c o n s p e c i f ic s ;  m ajo r b e n e f i t s  o f  
f lo c k in g  w ere co n ce rn e d  w ith  v ig i l a n c e  and th e  av o id an c e  o f
p r e d a t io n .  B ird s  g a in e d  from  in c re a s e d  c o r p o r a te  v ig i l a n c e  a t  a
'red u ced  tim e  c o s t  to  th e  in d iv id u a l  when fe e d in g  in  f lo c k s ;  th e  
e x t e n t  o f  t h i s  g a i n  w a s , h o w e v e r , a f f e c t e d  by  th e  s p e c i e s  
com position  and d e n s ity  o f  th e  flo ck , th e  v i s i b i l i t y  o f th e  h a b i ta t ,  
and th e  b ird 's  food in ta k e  requirem ent.
Thus the  o p tim al f lo c k  com position and d e n s ity  was p re d ic te d  
to  vary  according to  th e  in d iv id u a l 's  sp ec ie s  and dominance s ta tu s ,  
th e  r i s k  o f  k le p to p a ra s itis ra  (which v a rie d  betw een h a b ita ts )  and the
a n im a l 's  b io lo g y , w ith  p a r t i c u l a r  re fe re n c e  to  th e i r  im p lic a tio n s  
f o r  th e  m ovem ents and s u r v iv a l  o f  i n d iv id u a l s ,  and hence th e  
p o p u la tio n  dynamics o f th e  sp ec ie s .
v i s i b i l i t y  o f th e  h a b i ta t .  Observed p a t te rn s  o f flo ck in g  g e n e ra lly  
c o rre sp o n d e d  w e ll  w ith  th e s e  p r e d i c t i o n s :  b i r d s  m a in ta in e d
in te r m e d ia te  f lo c k  d e n s i t i e s  (w hich w ere  m o d if ie d  by h a b i t a t  
v i s i b i l i t y ) ,  and  r e d u c e d  t h e i r  r a t e s  o f  i n t e r f e r e n c e  w i th  
c o n s p e c if  i c s  by f lo c k in g  p r e f e r e n t i a l l y  w ith  those  o th er sp ec ie s  
w ith  which they  shared  v ig ila n c e . Removal o f th e se  o th e r sp ec ie s  led  
to  g r e a t e r  a g g re g a t io n  by c o n s p e c i f ic s ;  th e s e  a g g re g a t io n s  w ere 
m ain ta ined  by b ird s  m odifying th e i r  fo rag in g  sea rch  p a th s  so as to  
rem ain w ith in  f lo c k s , e s p e c ia l ly  when th e  s e le c t iv e  p re ssu re s  fo r
th e  m ain tainance o f h igh  c o n sp e c if ic  d e n s i t ie s  were p re d ic te d  to  be
g r e a t e s t .  However, th e r e  w as e v id e n c e  f o r  v a r i a t i o n  in  f lo c k in g
.behaviour between b ird s  o f  d i f f e r e n t  dominance s ta tu s  w ith in  th i s  
g e n e r a l  p a tte rn .
These f in d in g s  a re  d iscu ssed  in  r e la t io n  to  how such d e ta i l s  
o f  f lo c k in g  and s o c i a l  b e h a v io u r  co u ld  a f f e c t  o th e r  a s p e c ts  o f  an
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CHAPTER ONE -  INTRODUCTION AND GENERAL METHODS 
F o r any  a n i m a l ,  th e  d i s t r i b u t i o n  and  a b u n d a n c e  o f  i t s  
c o n te m p o ra r ie s  ran k  among th e  m ost im p o r ta n t  in f lu e n c e s  upon i t s  
l i f e s t y l e .  C o n sp c ifics  in  p a r t ic u la r  may c o n s t i tu te  a  re fe ren ce  p o in t 
in  th e  e n v iro n m e n t, by w hich  th e  a n im a l may be a t t r a c t e d ,  a s  in  
s o c ia l  sp e c ie s , o r re p e lle d , as  in  s o l i t a r y  sp ec ie s . Since p o p u la tio n  
d y n am ics  a re  in  p a r t  a co n sequence  o f  t h i s  k in d  o f  b e h a v io u r ,  i t  i s  
im possib le  to  f u l ly  understand  the  dynamics o f a  p o p u la tio n  w ith o u t 
some know ledge o f  th e  b e h a v io u r  o f  th e  in d iv id u a l s  o f  w hich  i t  i s  
composed. Furtherm ore, fo r  v e r te b ra te s  in  p a r t i c u la r ,  th e  p o p u la tio n  
c a n n o t be assum ed to  be made up o f  i d e n t i c a l  u n i t s ,  and in d iv id u a l  
d i f f e r e n c e s  in  b e h a v io u r  m ust be ta k e n  in to  a c c o u n t. T h e re  a r e  
exceed ing ly  few h ig h e r an im als  which do no t in te r a c t  w ith  c o n sp c if ic s  
over and above th e  behav iours necessary  fo r b reeding . Whether th ese  
i n t e r a c t i o n s  a r e  p o s i t i v e  ( le a d in g  to  group form ation) or negative  
( le a d in g  to  a v o id a n c e  and s p a c in g ) , th e y  may a c t  a s  c o n s t r a i n t s  on 
movement thus a f fe c t in g  bo th  d is p e r s a l  and d isp e rs io n , and w i l l  o f te n  
in f lu e n c e  b re e d in g  p e r fo rm a n c e , fo ra g in g  e f f i c i e n c y  and p r e d a t io n  
r i s k ,  and hence su rv iv a l.
There a re  many s i tu a t io n s  where we do n o t have a c le a r  p ic tu re  
o f  th e  dynam ics o f  an e c o lo g ic a l  com m unity , o r  th e  a d a p t iv e  
s ig n if ic a n c e  o f  behav iour, due to  a  f a i lu r e  to  s tudy  the  in te ra c t io n s
:'between th e  in d iv id u a l and th e  popu la tion . T his th e s i s  re p re se n ts  an 
a t te m p t  to  b r in g  to g e th e r  s tu d ie s  o f  th e  s o c i a l  b e h a v io u r  o f 
in d iv id u a l  a n im a ls  w i th  th e  e f f e c t s  t h i s  b e h a v io u r  h a s  on t h e i r
d is t r ib u t io n  w ith in  a p a r t i c u la r  h a b i ta t ,  and on th e  ecology o f the  
p o p u la t io n .  T h is  h a s  b een  done th ro u g h  a  d e t a i l e d  s tu d y  o f  w ader 
g ro u p s  com posed o f  m ore th a n  one s p e c ie s ,  and o f  in d iv id u a l  
d i f f e r e n c e s  in  th e  b e h a v io u r  o f  th e  b i r d s  w hich c o m p rised  th e s e
groups.
1 .1  Why Study Groups?
A n im als  may fo rm  g ro u p s  f o r  v a r io u s  re a s o n s ;  th e  p o t e n t i a l  
c o s ts  and b e n e f i ts  o f l iv in g  in  groups w i l l  be d iscu ssed  in  d e t a i l  in  
th e  f i n a l  chap ter. However, an im portan t p o in t to  be considered  here  
i s  t h a t  g ro u p s  a l s o  v a ry  in  th e  s t a b i l i t y  o f  t h e i r  c o m p o s itio n . In  
some c a s e s  th e  d i v i s i o n  a p p e a rs  to  be c l e a r .  For ex am p le , g o r i l l a s  
G o r il la  g o r i l l a  l iv e  in  th e  same sm all tro o p  th roughout m ost, i f  n o t 
a l l ,  o f  th e i r  a d u lt  l i f e ,  w ith  many o f th e  fem ale troop-m em bers being 
c lo s e ly  r e la te d  to  one ano ther (Wilson 1975). In  c o n s tr a s t ,  s t a r l in g s  
S tu rnus vu lgarus fo rage  in  groups ranging in  s iz e  from 1-100 b ird s , 
and spend th e  n ig h t in  ro o s ts  o f up to  2 m il l io n  (Hamilton & G ilb e r t  
1969). The assum ption has u su a lly  been made th a t ,  in  th e  l a t t e r  c ase , 
th e  fo rag in g  groups a re  ag g regations o f anonymous in d iv id u a ls  drawn 
a t  random  from  th e  p o p u la t io n .  However, t h i s  h a s  l a r g e l y  rem a in ed  
u n te s te d .  T here  i s  a  r a th e r  g re y  a re a  in  th e  p u t a t i v e  ran g e  o f  
s t a b i l i t y  o f  g ro u p s , from  th o s e  c a s e s  w here g ro u p s  a re  o f  c o n s ta n t  
c o m p o s itio n  { 'c lo s e d ' g ro u p s ) ,  t o  th o s e  w h e re  t h e  i n d i v i d u a l  
m em bersh ip  i s  c o n s ta n t ly  ch an g in g  ( 'open ' g ro u p s ) . I t  i s  p o s s ib l e ,  
f o r  i n s t a n c e ,  f o r  i n d i v i d u a l s  t o  m ove b e tw e e n  g r o u p s  
o p p o r t u n i s t i c a l l y  y e t  have a r e s t r i c t e d  ra n g e  o f  f e l lo w  g ro u p -  
members, due to  th e i r  alw ays moving w ith in  a  sm all home range. T h is, 
in  f a c t ,  i s  e q u iv a len t to  a  c lo sed  group (composed o f a l l  the  an im als 
t h a t  l i v e  in  th e  one a re a )  d iv id e d  in to  a f l u c t u a t i n g  p a t t e r n  o f  
su b g ro u p s . The d i s t i n c t i o n  betw een  open and c lo s e d  g ro u p s  i s  
im p o rtan t, as the  l a t t e r  can lead  to  fa r  s u b t le r  in te ra c t io n s  between 
in d iv id u a l s  th a n  can  open g ro u p s , and th e  i n d i v i d u a l 's  i d e n t i t y  
assumes a  f a r  g re a te r  im portance.
T h ere  h a s  been  a ten d en c y  to  ig n o re  in d iv id u a l  i d e n t i t y  and
v a r ia t io n  in  s tu d ie s  o f th ese  types o f group. Whereas th i s  v a r ia t io n  
has a lm o st been taken  fo r  g ran ted  in  sp ec ie s  which have t e r r i t o r i a l  
o r fam ily -g ro u p  d is p e rs io n , those th a t  form f lu c tu a tin g  groups have 
o f t e n  b een  t r e a t e d  a s  i f  a l l  members o f  a g ro u p  a re  i d e n t i c a l .  T h is  
i s  t ru e  even o f some re c e n t q u a n ti ta t iv e  o p tim a li ty  approaches to  the  
c o s ts  and b e n e f i ts  o f  group liv in g  (examples being Krebs 1974, Caraco 
& W olf 1975, D av ies  1976 and S tin s o n  1980). N o ta b le  e x c e p t io n s  a re  
th e  th e o r e t ic a l  developm ents o f Gauthreaux (1978), Rubens te  in  (1978) 
and P u l l ia m  & C araco  (1984), and th e  com bined  t h e o r e t i c a l  and 
e m p ir ic a l s tu d ie s  o f  F re tw e ll (1969), Caraco (1979a,b). Baker e t  
(1981), Rohwer & Ew ald (1981) and B arn ard  & S ib ly  (1981), A ll  o f  
th e se  acknowledge th a t  th e  c o s ts  and b e n e f i ts  o f  being in  a group may 
be a l t e r e d  by th e  q u a l i t y  o f  th e  i n d iv id u a l .  Thus d o m in a n t o r 
a g g re ss iv e  an im als may e i th e r  e x p lo it  th e  fo o d -fin d in g  a b i l i t i e s  of 
o th e r  group members (Baker e t  a l ,  1981, Barnard & S ib ly  1981, Rohwer 
& Ew ald 1981), o r a t t e m p t  to  d r iv e  them  o u t  o f  th e  g ro u p  (C araco 
1979a), depending on th e  d is t r ib u t io n  and form o f th e  food supply. As 
a  co n seq u en ce , s u b o r d in a te s  may be b e t t e r  o f f  le a v in g  th e  g ro u p  a s  
th e  l e v e l  o f  c o m p e t i t io n  in c r e a s e s  (G au th reaux  1978, R u b e n s te in  
1978).
T herefo re  th e re  i s  a  need to  regard  grouping behaviour from the  
p o in t  o f view  o f each in d iv id u a l, even in  th o se  sp ec ie s  th a t  appear 
t o  form  random  g ro u p s . T h is  i s  b ecau se  th e r e  i s  u n l ik e ly  to  be a 
sim ple  s in g le  s o lu tio n  to  th e  q u estio n s  o f w hether a sp ec ie s  should 
form groups or n o t, o r o f  how la rg e  such groups should be; th e  answer 
may be d i f f e r e n t  fo r  d i f f e r e n t  in d iv id u a ls .
I t  i s  a ls o  im p o rtan t to  consider th e  f l u i d i t y  in  th e  in d iv id u a l 
c o m p o s i tio n  o f  g ro u p s , and to  d e te rm in e  th e  s t a b i l i t y  o f  t h e i r  
membership. I t  may be th e  case th a t  in d iv id u a l a s s o c ia tio n s  a re  fa r  
more s ta b le  than  m ight appear from cu rso ry  exam ination  o f f lo ck in g
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d y n am ics. C o n v e rse ly , i t  i s  d an g ero u s to  assum e on th e  b a s i s  o f  
la b o ra to ry  s tu d ie s  th e  e x is te n c e  o f complex s o c ia l  s t ru c tu re s  such as 
a  s t a b l e  dom inace h ie r a r c h y  in  th e  w i ld ,  a s  i t  i s  p o s s ib le  t h a t  th e  
po p u la tio n  f l u i d i t y  i s  too  g re a t  to  a llow  t h i s  to  develop.
Why Study M ixed-Species Groups?
G roups a r e  n o t  a lw a y s  com posed o f  a s in g l e  s p e c ie s .  T h ere  a r e  
many docum ented  c a s e s  o f  f i s h ,  b i r d s  and mammals fo rm in g  m u l t i -  
sp ec ie s  groups (review ed in  Morse 1977, see a lso  Morse 1978, G osling 
1980, S u lliv an  1984), and i t  can be presumed th a t  they  form fo r much 
th e  same ran g e  o f  r e a s o n s  a s  m o n o sp e c if ic  g ro u p s  (M orse 1977). 
However, most o f  th e  re se a rc h  on m u lti- sp e c ie s  a s s o c ia tio n s  has been 
p u r e ly  d e s c r i p t i v e ,  c o n c e n t r a t in g  on t r o p i c a l  b i r d  f lo c k s  (S h o rt 
1961, Moynihan 1962, Morse 1970, Busk irk  1976, G reig-S raith  1978) and 
p r im a te s  (G a r tla n  & S tr u h s a k e r  1972, G a u tie r -H io n  & G a u tie r  1974, 
W aser 1980). The m ain  i n v e s t i g a t i v e  and q u a n t i t a t i v e  s t u d i e s  have 
te n d e d  to  be  on  i n t e r s p e c i f i c  k l e p t o p a r a s i t i c ,  r a t h e r  th a n  
m u tu a l is t ic ,  a s s o c ia t io n s  (see Brockmann & Barnard 1979, a lso  Kushlan 
1978, Barnard e t  ad. 1982, S u lliv an  in  p re ss ) . However, in  many cases 
i t  i s  e v id e n t  t h a t  a l l  s p e c ie s  may p o t e n t i a l l y  g a in  from  th e  
a s s o c i a t i o n  (a lth o u g h  th e  t r a d e - o f f s  may n o t be th e  sam e); th e  
p o s i t i o n  i s  th e n  a n a lo g o u s  to  th e  s i n g l e - s p e c i e s  g ro u p  e x c e p t  t h a t  
a n o th e r  f a c t o r ,  th e  i n d i v i d u a l 's  s p e c ie s ,  i s  added to  th e  l i s t  o f  
p a ra m e te r s  (such a s  a g e , s e x , c o m p e t i t iv e  a b i l i t y  and so  on) w hich  
may v a ry  b e tw een  d i f f e r e n t  i n d iv id u a l s  in  th e  g ro u p . Thus a l th o u g h  
a l l  sp ec ie s  p re s e n t may b e n e f i t  from grouping per se , they  may vary  
in  th e i r  o p tim al group s iz e s ,  d e n s i t ie s ,  com positions, and so on, in  
the  same way a s  may d i f f e r e n t  in d iv id u a ls  o f th e  same sp ec ie s .
The m u lti- sp e c ie s  a s s o c ia t io n  i s  thus more com plicated  than  th a t  
o f th e  s in g le -s p e c ie s  group, a lthough a t  th e  same tim e  i t  p ro v id es  a
more convenient s i tu a t io n  in  which to  s tudy  th e  e f f e c t  o f grouping on 
d i f f e r e n t  c la s s e s  o f in d iv id u a l .  T h is  i s  b ecau se  th e  m u l t i - s p e c i e s  
g ro u p  can  be s u b -d iv id e d  in to  s p e c ie s  m ore e a s i l y  th a n  can  th e  
s i n g l e - s p e c i e s  g ro u p  be d iv id e d  in to  c a te g o r i e s  o f ,  f o r  in s t a n c e ,  
c o m p e t i t iv e  a b i l i t y .  T h e re fo re  by s tu d y in g  th e  i n t e r a c t i o n s  and 
a s s o c ia tio n s  th a t  occur between sp ec ie s  in  m ixed-species groups we 
may g e t  in s ig h ts  in to  th e  s im ila r  (but le s s  tan g ib le ) p ro cesses  th a t  
a f f e c t  m o n o s p e c if ic  g ro u p s , and w hich  may have such  im p o r ta n t  
consequences fo r th e  d is p e r s io n , d is p e r s a l  and su rv iv a l o f in d iv id u a l 
an im als, and hence th e i r  p o p u la tio n  dynamics.
in d iv id u a l s ,  w h ich  have  been  m oulded by n a t u r a l  s e l e c t i o n  in to  
adopting  d isp e rs io n  p a t te r n s  th a t  maximise th e  p ro b a b il i ty  o f th e i r
Why Waders?
Waders form a conven ien t group o f an im als in  which to  s tudy  th i s  
form  o f  s o c i a l  b e h a v io u r ,  s in c e  o u ts id e  th e  b re e d in g  se a so n  th e y  
a d o p t a  w ide ran g e  o f  d i s p e r s io n  p a t t e r n s  (even w i th in  th e  sam e 
sp e c ie s ) , from t e r r i t o r i a l i t y  to  flo ck in g  (both in  s in g le -  and m u lti­
s p e c ie s  f lo c k s ) .  They have  been  u sed  a s  m odels in  a  number o f  o th e r  
s tu d ie s  o f  th e  ad ap tiv e  s ig n if ic a n c e  o f d i f f e r e n t  d isp e rs io n  p a t te rn s  
(e.g. Recher 1966, G oss-C ustard 1970, 1976, Myers & Myers 1979, Myers 
e t  a l .  19 7 9 a ,b , B lic k  1980, S t in s o n  1980, V in es  1980, B arn ard  e t  a l .
1982, Townshend e t  a l .  1984). S in c e  th e y  do n o t have p ro lo n g e d
" ; ï iLp a re n ta l  c a re , g e n e ra lly  have sep a ra te  b reed ing  and w in te rin g  ranges, 
and show no e v id e n c e  o f  re m a in in g  p a i r e d  in  th e  w in te r in g  a r e a s ,  
th e r e  i s  u n l ik e ly  to  be th e  c o m p lic a t io n  o f  n o n -b re e d in g  s o c i a l
b e h a v io u r  b e in g  a f f e c t e d  by k in  s e l e c t i o n  c o n s id e r a t io n s ;  nor i s
th e re  th e  problem  o f  w in te r  d isp e rs io n  being p a r t ly  determ ined by th e
need  to  o b ta in  and r e t a i n  b re e d in g  t e r r i t o r i e s  (as i s  th e  c a s e  in
se v e ra l P a rid  sp e c ie s  (H artz le r 1970, Ekman 1979). W intering  w aders
:sh o u ld  th e r e f o r e  fo rm  a  m u l t i - s p e c i e s  com m unity  o f  f re e ly -m o v in g I
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own su rv iv a l u n t i l  t h e i r  n ex t breeding a ttem p t.
Id e a l ly ,  a l l  sp e c ie s  p re s e n t in  th e  f lo c k  should be s tu d ie d , b u t 
g iv e n  th e  l i m i t e d  d u r a t io n  o f  t h i s  p r o j e c t ,  l o g i s t i c  p ro b le m s  o f 
o b ta in in g  enough d e ta i le d  in fo rm atio n  were too  g re a t  to  a llow  t h i s  
a p p ro a ch . I n s te a d  I  c h o se  to  s tu d y  two s p e c ie s ,  w hich  l i v e  in  th e  
same h a b i t a t  b u t  a r e  o f  d i f f e r e n t  s i z e s  and fe e d in g  te c h n iq u e s ,  so  
a l lo w in g  s im u lta n e o u s  c o m p ariso n s  o f  tw o com ponents o f  th e  same 
com m unity . The tw o s p e c ie s  chosen  w ere th e  tu r n s to n e  A re n a r ia  
in te rp re s  and th e  p u rp le  sandpiper C a l id r is  m aritim a.
The e n v iro n m e n t i s  a  f u r t h e r  v a r i a b l e  w hich  can  a f f e c t  th e  
s o c ia l  behaviour o f  th e  in d iv id u a l, through i t s  e f f e c t  on food supply  
(e.g . D av ies  1976, C araco  1979a,b) o r food  d i s p e r s io n  (Myers e t  a l .  
1979b, Monaghan & M e tc a lfe  in  p r e s s ) ,  o r th e  r i s k  o f  p r e d a t io n  
( W i l l i s  1972, Ja rm an  1974, C araco  e t  a l .  1980a). The tw o s tu d y  
s p e c ie s  l i v e  o u ts id e  th e  b re e d in g  sea so n  on p re d o m in a n tly  ro ck y  
s h o r e s ,  w hich  a r e  a  f a r  m ore v a r ie d  h a b i t a t  th a n  th e  sandy  b each es  
and e s tu a r ie s  which ho ld  th e  m ajor European wader c o n ce n tra tio n s , and 
so o f f e r  more sco p e  f o r  s t u d i e s  o f  th e  e f f e c t  o f  e n v iro n m e n t on 
s o c i a l  behaviour.
1 .2  G eneral B iology o f  T urnstones and P urp le  Sandpipers
The b re e d in g  ra n g e  o f  b o th  o f  th e  s tu d y  s p e c ie s  l i e s  a lm o s t  
e n t i r e ly  above th e  l a t i t u d e  o f 60° N, ranging  from th e  l im i t s  o f th e  
b o r e a l  ra n g e  o f  s o u th e r n  S c a n d in a v ia  to  th e  ex p o sed  tu n d ra  o f  th e  
h ig h  a r c t i c .  T u rn s to n e s  can  be d iv id e d  in to  s e v e r a l  d i s t i n c t  
p o p u la tio n s  on th e  b a s is  o f t h e i r  breeding d is t r ib u t io n .  Those b ird s  
th a t  breed  in  Scandinav ia  may p ass  through B r i ta in  in  l a t e  summer, 
b u t w in te r  in  n o r th  w e s t  A f r ic a .  The B r i t i s h  w in te r in g  p o p u la t io n  
comes from th e  b reed ing  a re a s  o f  Axel H eiberg and E llesm ere  Is la n d s  
in  n o r th w e s t  C anada, and from  G reen lan d  (B ranson e t  ^ .1 9 7 8 ,  1979,
Cramp & Simmons 1982). These b ird s  a r r iv e  in  B r i ta in  in  l a t e  J u ly  and 
August, and leave  on sp rin g  m ig ra tio n  u su a lly  in  A p ril and May; they  
may th e r e f o r e  be p r e s e n t  in  th e  'w in te r in g ' q u a r t e r s  fo r  o v e r n in e  
m onths o f  th e  y e a r .  L ess  i s  known a b o u t th e  o r i g i n s  o f  p u r p le  
s a n d p ip e r s  t h a t  w in te r  in  B r i t a in .  Those on th e  e a s t  c o a s t  o f 
Scotland  a re  p redom inan tly  Norwegian b reed ers  (Atkinson e t  a l . l9 B l) , 
b u t those  in  th e  n o rth  and w est a re  l ik e ly  to  be m ainly from Ice lan d , 
Greenland and p o s s ib ly  n o r th -e a s t  Canada (Anon. 1984, M orrison 1984, 
Buxton e t  a l .  in  p re s s ) . The m a jo rity  o f th e  p o p u la tio n  w in te rin g  on 
th e  w est c o a s t do n o t a r r iv e  u n t i l  l a t e  October each y ear, and d e p a r t 
in  e a r ly  May; they  a re  th u s  on th e  c o a s ts  o f B r i ta in  fo r around seven 
months each year. These movements w i l l  be examined in  more d e t a i l  in  
C h ap ter 2.
O u ts id e  o f  th e  b re e d in g  sea so n  b o th  s p e c ie s  f r e q u e n t  m a in ly  
ro ck y  s h o r e s ,  w here t h e i r  s m a ll  s i z e  and d a rk  o r d i s r u p t i v e  
c o lo u ra tio n  (the p u rp le  sandpiper being a dark  speckled g rey , w hile  
th e  tu r n s to n e  i s  a m ix tu re  o f  b la c k , brow n, g re y  and w h ite )  makes 
them among th e  most inconspicuous o f sh o re b ird s . Both th e  tu rn s to n e  
and p u rp le  s a n d p ip e r  fe e d  on th e  ex p o sed , o u te r  ro c k s  o f  th e  
s h o r e l in e  a s  w e l l  a s  in  m ore s h e l t e r e d  s i t e s  su ch  a s  am ongst rock  
poo ls and m usselbeds. T urnstones a re  ra th e r  l e s s  r e s t r i c t e d  in  th e i r  
cho ice  o f h a b i ta ts ,  feed ing  in  sand and sh in g le  a re a s  e s p e c ia l ly  i f  
th e s e  a r e  l i t t e r e d  w ith  banks o f  dead  w rack  Fucus spp . (F eare  1966, 
H a r r i s  1979, Cramp & Simmons 1982, McKee 1982). The d i e t  o f  b o th  
s p e c ie s  i s  p re d o m in a n tly  one o f  l i t t o r a l  i n v e r t e b r a t e s ,  o b ta in e d  
using  a v a r ie ty  o f feed ing  techn iques. The fo llo w in g  account o f th e  
prey  ty p es  taken  on B r i t i s h  c o a s ts  i s  m ain ly  based on th e  review  by 
Cramp & Simmons (1982) and on p e r s o n a l  o b s e r v a t io n .  Both s p e c ie s  
s p e c ia l is e  on sm all m ollu scs such a s  p e r iw in k le s  L i t to r in a  l i t t o r e a .
L. s a x a t i l i s  and sm a ll dogwhelks N ucella  l a p i l lu s .  These may be taken  
whole i f  sm a ll, o r removed from  th e  s h e l l  i f  la rg e r  (M arshall 1981). 
Sm all m ussels M ytilus e d u lis  may a lso  be taken , and both sp ec ie s  may 
fe e d  on th e  re m a in s  o f  l a r g e r  m u sse ls  l e f t  by o th e r  b i r d s  su ch  a s  
o y s t e r c a t c h e r s  H aem atopus o s t r a l e g u s . The b i l l  o f th e  tu rn s to n e  i s  
s tro n g  enough to  hammer open b a rn ac le s  Balanus spp, and even to  p r i s e  
l im p e ts  P a t e l l a  v u lg a ta  and P a t in a  p e l lu c id a  o f f  th e  ro c k ; b o th  
s p e c ie s  e a t  s m a l l  c r a b s  such  a s  th e  sh o re  c ra b  C a rc in u s  m aenas and 
am phipods (e .g . Gammarus s p p .) . T u rn s to n e s  o f t e n  fe e d  ov er th e  h ig h  
w ater p e rio d  on banks o f dead wrack, tu rn in g  over and burrow ing in to  
th e  seaweed w ith  s tro n g  pushing and f l ic k in g  movements o f th e  head to  
re a c h  th e  b u r ie d  eg g s  and l a r v a e  o f  th e  k e lp  f l y  C oelopa  sp p .. T h is  
same m o tio n  i s  u sed  to  o v e r tu r n  s to n e s  o r f ro n d s  o f  l i v i n g  w rack , 
ex p o sin g  th e  m ore t r o g l o d y t i c  p re y  s p e c ie s  such  a s  th e  gam m arids. 
Both tu rn s to n e s  and p u rp le  sandp ipers w i l l  a lso  make ra p id  pecks a t  
s m a l l  f l o a t i n g  p ie c e s  o f  d e t r i t u s  b ro u g h t in  by th e  t i d e ,  and w i l l  
p ro b e  in to  ro ck  p o o ls ,  o f te n  to  a d e p th  t h a t  c o v e rs  th e  e y e s . The 
p u rp le  s a n d p ip e r  o f t e n  a p p e a rs  to  use  i t s  b i l l  a s  a  t a c t i l e  s e n s e  
o rg a n , f e e l i n g  i t s  way under w a te r  o r i n t o  c ra c k s  in  th e  ro c k , 
whereas th e  tu rn s to n e  r e l i e s  more on s ig h t  to  d e te c t  i t s  p rey  (McKee 
1982).
The two sp e c ie s  a re  o f te n  found in  c lo se  a s s o c ia tio n  w ith  each 
o th e r o u ts id e  th e  b reed ing  season (Rees 1969, Cramp & Simmons 1982). 
O th er b i r d  s p e c ie s  o f t e n  found in  th e  same h a b i t a t s  in c lu d e  th r e e  
l a r g e r  w a d e rs ; red sh an k  T r in g a  to ta n u s , o y s te r c a tc h e r  and c u r le w  
Num enius a r q u a t a , a l s o  an in s h o re  seaduck  th e  e id e r  S o m a te r ia  
m o llis s im a , and g u l l  sp ec ie s  such as h e rr in g , g re a t  black-backed and 
b la c k -h e a d e d  g u l l s  L a ru s  a r g e n ta tu s , L. m a rin u s  and L. r id ib u n d u s . 
C e rta in  p redom inan tly  in lan d  b ird s  may a lso  feed  in  th e  i n t e r t i d a l  
zone; th e se  in c lu d e  s ta r l in g s  S turnus v u lg a ru s , crows Corvus corone
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and f e r a l  p ig e o n s  Colum ba l i v i a , w hich fe e d  on th e  d ip t e r a n  la r v a e  
and amphipods in  th e  sand near the  high t id e  zone.
W h ile  t h e r e  a r e  m any o th e r  w ad er s p e c i e s  w h ic h  f e e d  
i n t e r t i d a l l y ,  th e y  te n d  to  be r e s t r i c t e d  to  th e  s o f t-b o t to m e d  
s u b s tr a te s  o f sand and mud beaches or e s tu a r ie s ;  th e i r  c o n ta c t w ith  
tu rn s to n e s  and p u rp le  san d p ip ers  i s  th e re fo re  l im ite d .
1 .3  The Study Area and I t s  H a b ita ts
The s tudy  a re a  was a s ix  k ilo m etre  s t r e tc h  o f c o a s t l in e  in  the  
F ir th  o f  Clyde, w est S co tlan d , running from th e  n o rth e rn  boundary o f 
th e  town o f A rdrossan sou th  to  th e  headland o f S tevens ton  (Fig.1.1). 
The s h o re lin e  i s  a  m osaic o f rocky and boulder o u tc ro p s  in te rsp e rse d  
w ith  w ith  m u sse lb e d s , s t r e t c h e s  o f  sandy b each , and some man-made 
b reakw aters . In  a d d it io n  to  a  number o f  rocky i s l e t s  ly in g  j u s t  o f f  
sh o re , th e  a re a  a ls o  c o n ta in s  one s u b s ta n t ia l  is la n d . Horse Is la n d , 
used  by many o f  th e  b i r d s  a s  a h ig h  t i d e  r o o s t  s i t e .  The p o p u la te d  
n a tu r e  o f  th e  s i t e  r e s u l t s  in  i t  s u f f e r in g  from  a  r e l a t i v e l y  h ig h  
l e v e l  o f  human d i s tu r b a n c e ,  ra n g in g  from  p e o p le  w a lk in g  dogs to  
f is h e rm e n  d ig g in g  on th e  b each  to  c o l l e c t  b a i t .  H ow ever, w h ile  th e  
c o a s t l in e  i s  e s s e n t i a l ly  urban , the  l i t t o r a l  zone su p p o rts  a  f u l l  and 
d iv e r s e  b i o l o g i c a l  com m unity , w ith  th e  o n ly  r e g io n  o f  low b io m ass  
b e in g  in  th e  v i c i n i t y  o f  th e  d eep  w a te r  h a rb o u r a t  A rd ro ssa n , The 
s tu d y  a r e a  was o n ly  one s e c t io n  o f  a c o a s t l i n e  o f  s i m i l a r  h a b i t a t  
t h a t  ru n s  from  P o r te n c r o s s  (7km to  th e  n o r th )  to  s o u th  o f  G irv an  
(50km to  th e  s o u th ) ; i t  d id  n o t  t h e r e f o r e  have d i s t i n c t  n a t u r a l  
boundaries. However, a s  tu rn s to n e s  and pu rp le  san d p ip ers  on ly  tend  to  
feed  on sandy beaches th a t  a re  a d jacen t to  th e i r  more norm al h a b i ta t  
o f rocky o u tc ro p s , th e  long s tr e tc h e s  o f 3km o f  sand to  th e  south  o f 
S te v e n s to n  h e a d la n d  and 2km to  th e  n o r th  o f  A rd ro ssa n  a c te d  a s  
b a r r ie r s  to  th e  movement o f both  sp ec ie s , as was shown by a study  o f
Fig.1.1. Map o f th e  s tu d y  a rea . The sea  i s  in d ic a te d  by h a tch in g , and 
the  mean sp rin g  h igh  w ater mark by th e  th ic k  b lack  l in e  on th e  r ig h t  
hand s id e .  The i n t e r t i d a l  zone (betw een  mean s p r in g  h ig h  and low  
w a te r  m arks) i s  s e p a r a te d  in to  sand  (w h ite ) and o th e r  h a b i t a t s  
(b la c k ) . The p o s i t i o n s  o f  th e  tow ns o f  A rd ro s s a n , S a l t c o a t s  and 
S te v e n s to n  a r e  m arked , a s  a r e  v a r io u s  r e g io n s  o f  th e  s tu d y  a r e a  
m en tioned  in  th e  t e x t ,  a c c o rd in g  to  th e  fo l lo w in g  key: HI = H orse 
Is la n d , NB = North Beach, A = A rdrossan harbour, McC -  M cCrindles, NR 
-  North Rocks, SR = South Rocks, S = S a l tc o a ts ,  C = C o a lru f f ie .
ARDROSSAN
SALTCOATS
STEVENSTON
by wading: a s  such i t  d id  n o t have a f ix e d  d i s t r ib u t io n ,  bu t was 
never more than  0.25m wide.
The a v a i l a b i l i t y  o f  th e s e  d i f f e r e n t  h a b i t a t  ty p e s  was m easured  by
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movements o f  marked b ir d s ,  desc rib ed  in  d e t a i l  in  C hapter 2.
In  o rd e r  to  q u a n t i f y  th e  r e l a t i v e  u sage  by th e  tw o s p e c ie s  o f  
th e  v a rio u s  h a b i ta ts  w ith in  th e  s tudy  a re a , a h a b i ta t  c la s s i f i c a t io n  
was d e v is e d  w hich  c a te g o r i s e d  th e  i n t e r t i d a l  zone in to  e le v e n  
d i s t i n c t  ty p e s . These a re :
1. Rock -  a l l  a re a s  o f exposed bedrock or la rg e  lo o se  rock (c.lm+ in
d ia m e te r ) .
2. Boulder -  a re a s  o f m edium -sized rocks (c.0.15-0.75m in  d iam e te r),
a s  occurred  fo r  in s ta n c e  in  some man-made sea  w a lls ,
3. Loose Rock -  a r e a s  o f  s m a l l  p ie c e s  o f  ro ck  ( l e s s  th a n  0.15m in
'd ia m e te r ) , ly in g  lo o se  on underly ing  rocks.
4. M usselbeds -  a re a s  where m ussels covered a t  l e a s t  one th i r d  o f th e
a v a ila b le  ground space .
;5. P oo ls -  Calm p a tch es  o f  w ater between rocks o r m usselbeds,
:6. Sand -  s t r e tc h e s  o f  sandy beach.
7 . S h ing le  -  s t r e tc h e s  o f s h in g le .
8. L ive Wrack -  a re a s  where l iv in g  wrack (predom inantly  Fucus spp.)
covered a t  l e a s t  one th i r d  o f th e  a v a ila b le  ground space,
9. Algae -  p a tch es  o f  rock predom inantly  covered by a  mat o f th e  a lg a
Enterom orpha,
10. Dead W rack -  a r e a s  o f  d ead , d e ta c h e d  w rack  l e f t  by th e  t i d e
u s u a lly  a t  th e  h igh  w ater mark. This was an ephem eral h a b i ta t ,
"a l th o u g h  i t  was re a s o n a b ly  p r e d i c t a b l e  in  o c c u r re n c e  in  some
a re a s .
11, T id e l in e  -  t h i s  was d e f in e d  a s  th e  t h i n  band o f  sh a llo w  w a te r
" Ïa lo n g  th e  t i d e  edge in  w hich  tu r n s to n e s  o c c a s io n a l ly  fo ra g e d
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e s tim a tin g  th e  e x te n t  o f  each h a b i ta t  (as a  percen tage  o f the  t o t a l  
a re a )  in  d i s t i n c t ,  s m a l l  s e c t i o n s  o f  th e  s tu d y  a r e a .  These s e c t io n s  
(d e lim ited  by n a tu ra l  to p o g rap h ica l boundaries) were then  marked on 
la r g e  s c a le  (1:2500) maps o f  r e g io n s  o f  th e  s tu d y  a r e a ,  and t h e i r  
a re a s  c a lc u la te d  u sing  a  Summagraphics g rap h ic  d ig i t i s e r  lin k ed  to  a  
Commodore P e t m icrocom puter. The e x te n t o f  th e  s tudy  a rea  during  th e  
ex p o su re  p e r io d  (d e f in e d  below ) was ta k e n  a s  a l l  i n t e r t i d a l  la n d  
between th e  mean sp rin g  low w ater mark and th e  mean sp rin g  high w ater 
m ark. The a r e a  ex posed  d u r in g  th e  h ig h  w a te r  p e r io d  was d e f in e d  a s  
t h a t  from  50m below  to  25m above th e  mean s p r in g  h ig h  w a te r  m ark , 
exclud ing  a l l  g ra ss la n d  and man-made s t ru c tu re s .  The a rea  covered by 
th e  dead  w rack h a b i t a t  c o u ld  n o t  be m easured  d i r e c t l y ,  due to  i t s  
f l u c t u a t i o n  in  a v a i l a b i l i t y .  H ow ever, i t  was e s t im a te d  to  c o v e r 
a p p ro x im a te ly  1% o f  th e  t o t a l  a r e a  o f  sand  exposed  d u r in g  th e  
ex p o su re  p e r io d ,  and 10% o f  i t  o v e r th e  h ig h  w a te r  p e r io d .  No 
e s tim a te  was made o f th e  e x te n t  o f the  t id e l in e  h a b i ta t .
1 .4  G eneral Study Methods
(a) Methods o f  C atching and Marking B irds
B ird s  w ere  c a u g h t u s in g  cannon n e t s ,  w hich  a re  la r g e  (30xl5m) 
n e t s ,  f i r e d  from  a f u r l e d  p o s i t i o n  over fe e d in g  o r r o o s t in g  b i r d s  
w ith  th e  u se  o f  p r o j e c t i l e s  p r o p e l le d  by e x p lo s iv e  c h a rg e s . In  
p r i n c i p l e  th e y  a re  c a p a b le  o f  c a tc h in g  many b i r d s  a t  a  t im e , b u t  in  
t h i s  s i tu a t io n  th e  f a c t  t h a t  th e  only  major c o n cen tra tio n s  o f b ird s  
occurred  a t  the  in a c c e s s ib le  ro o s ts  on Horse Is la n d  l im ite d  the  s iz e  
o f  c a tc h e s ,  a s  a t t e m p ts  w ere r e s t r i c t e d  to  s m a l le r  fe e d in g  f lo c k s .  
Due to  th e  l o g i s t i c  p ro b le m s  o f  s e t t i n g  up th e  n e t s  c lo s e  to  th e  
w a te r  l i n e ,  i t  was e a s i e s t  to  a t te m p t  c a tc h e s  o v e r th e  p e r io d  o f  
s lack  w ater a t  h igh  t id e .  However, t h i s  re s u l te d  in  very  few p u rp le  
s a n d p ip e r s  b e in g  c a u g h t ,  s in c e  th e y  a lm o s t  a l l  r o o s t  over th e  h ig h
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t i d e  p e r io d .  A tte m p ts  on th e  incom ing  t i d e  w ere  s i m i l a r l y  more 
s u c c e s s f u l  in  c a tc h in g  tu r n s to n e s  th a n  p u rp le  s a n d p ip e r s ,  a s  th e  
l a t t e r  w ere  l e s s  p r e d i c t a b l e  in  t h e i r  m ovem ents (C hapter 2 ) , and 
would o f t e n  rem a in  on th e  o u te rm o s t  ro c k s , beyond th e  re a c h  o f  th e  
n e ts .
In  t o t a l  100 a d u l t  and 19 ju v e n i l e  tu r n s to n e s  and 8 a d u l t  
p u r p le  s a n d p ip e r s  w ere c a u g h t d u r in g  th e  f i r s t  18 m onths o f  th e  
study. C atching was d isco n tin u ed  td ie re a f te r , a s  t h i s  was considered  
an adequate sample o f  tu rn s to n e s  (given th e i r  h igh  s i t e  f i d e l i t y  and 
s u rv iv a l) , and as th e  l ik e ly  investm ent o f tim e re q u ired  to  produce a 
s i m i l a r  s a m p le  o f  m a rk e d  p u r p l e  s a n d p i p e r s  w as c o n s i d e r e d  
p r o h i b i t i v e .  I f  r e c a p tu r e s  a r e  ta k e n  in to  c o n s id e r a t io n ,  th e  t o t a l  
c a tc h  breakdow n f o r  tu r n s to n e s  was 123 a d u l t s  : 22 j u v e n i l e s ,  
i n d i c a t in g  t h a t  ju v e n i l e s  c o m p rised  a p p ro x im a te ly  15% o f  th e  
p o p u la tio n .
Each c a p tu re d  b i r d  was g iv e n  a u n iq u e  c o m b in a tio n  o f  fo u r  
c o lo u re d  p l a s t i c  (’d a r v ic ')  le g  r in g s ,  to  a llo w  i t  to  be i d e n t i f i e d  
a s  an in d iv id u a l  in  th e  f i e l d ,  in  a d d i t io n  to  a num bered m e ta l  
B r i t i s h  T r u s t  f o r  O rn ith o lo g y  r in g .  B ird s  w ere  aged a s  e i t h e r  
ju v e n i l e s  ( -  l e s s  th a n  one y e a r  o ld ) o r a d u l t s  on th e  b a s i s  o f  
plum age c h a r a c t e r i s t i c s  ( P r a te r  e t  ^ .1 9 7 7 ) ,  w eighed  u s in g  P e s o la  
b a la n c e s ,  and t h e i r  w in g le n g th  m easured  (maximum chord) to  th e  
n e a re s t  m il l im e tre . They w ere then  re le a se d , and appeared to  s u f fe r  
l i t t l e  r e a c t i o n  to  any s t r e s s  o f  c a p tu r e ,  re su m in g  fe e d in g  w i th in  
m in u te s . The r in g s  a p p e a re d  to  have l i t t l e  i f  any e f f e c t  on th e  
b e h a v io u r  o f  th e  b i r d s ;  o n ly  one c o lo u r  r in g  was l o s t  from  a  b i r d  
during  th e  s tudy , and th e  b ird  rem ained id e n t i f i a b le  due to  i t  being 
th e  on ly  one in  th e  s tudy  a re a  w ith  th re e  c o lo u r- r in g s .
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were made on b ird s  10-75m from th e  v e h ic le , a lthough in  co n d itio n s  of 
good v i s i b i l i t y  b i r d s  c o u ld  be seen  c l e a r l y  and t h e i r  c o lo u r - r in g s  
id e n t i f ie d  a t  d is ta n c e s  o f over 150m. Those a re a s  which could  n o t be
(b) O bservation  Methods
Although being in  such an urban s e t t in g  was a drawback in  term s 
o f th e  d is tu rb a n ce  caused to  th e  b ird s  by people, a m ajor advantage 
was th e  e x c e l l e n t  v e h ic u l a r  a c c e s s  a f fo rd e d  to  many p a r t s  o f  th e  
s i t e .  The p re s e n c e  o f  p ro m en ad es , c o a s t  ro a d s  and h a rb o u r  w a l l s  
allow ed me to  approach feed in g  b ird s  c lo se ly  in  a v e h ic le , in  e f f e c t  
using i t  as  a m obile h ide  from which o b serv a tio n s  could  be made. As 
in  m ost o f  th e s e  a r e a s  th e  v e h ic le  was on to p  o f  th e  s e a  w a l l ,  th e  
o b s e r v a t io n  p o in t  was g e n e r a l ly  some 3-5m above th e  l e v e l  o f  th e  
fo rag ing  b ird s . T his helped  g re a t ly  in  th e  lo c a tin g  o f  b ird s  amongst 
ro c k s  and in  th e  e s t i m a t i o n  o f  d i s ta n c e s .  In  g e n e r a l ,  o b s e r v a t io n s
s
reached by th e  o b se rv a tio n  v e h ic le  (i.e . th e  North Beach o f  A rdrossan 
a t  low w ater and th e  M cCrindles area) were covered on fo o t; however, 
no b e h a v io u r a l  o b s e r v a t io n s  (such a s  on v ig i l a n c e  o r a g g re s s io n  
r a te s )  w ere made in  t h i s  way, a s  i t  was p o s s ib le  t h a t  my p re s e n c e  
could have a l te r e d  th e i r  behaviour. T herefore  o b se rv a tio n s  in  th e se  
a r e a s  w ere  l i m i t e d  to  th e  r e c o rd in g  o f  c o lo u r - r in g  s i g h t in g s  and 
flo ck  p aram ete rs  (see la te r ) .
O b s e rv a tio n s  w ere made w ith  10x50 b in o c u la r s  and a  15-60x 
te le sco p e . In  a d d itio n  a JVC KY-1800E colour v ideo  camera w ith  6.4x 
zoom le n s  was u sed  on o c c a s io n  to  make v id e o  f i l m s  fo r  s u b se q u e n t 
behav iou ral a n a ly s is ,  u sing  s lo w -m o tio n  and f r e e z e - f r a m e  a n a ly s in g  
f a c i l i t i e s .  Using v ideo  f i lm  enabled sim ultaneous m on ito ring  o f  the  
behaviour o f s e v e ra l b ird s ,  which was e s s e n t ia l  in  th e  m easurem ent o f 
v ig ila n c e  schedu les (Chapter 5) and search  p a th s  (Chapter 6).
Flocks o f  tu rn s to n e s  were lo c a ted  o p p o r tu n is t ic a l ly  w ith in  the  
study area. For both  sp e c ie s  a f lo ck  was de fin ed  as being a group o f
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b ird s ,  none o f which was more than  an e s tim a ted  10m from th e  n e a re s t  
c o n s p e c i f ic .  T h is  f i g u r e  o f  10m was cho sen  a f t e r  p r e l im in a r y  
o b s e r v a t io n s  had in d ic a te d  t h a t  th e  n e a re s t  neighbour d is ta n c e s  of 
b ird s  t h a t  behaved a s  a cohesive  flo ck  were a lm ost alw ays under 10m. 
The lo c a t io n  o f each f lo c k  was noted on la rg e  s c a le  (50m=lcm) maps of 
s e c t io n s  o f  th e  s tu d y  a r e a ,  and th e  i d e n t i t y  o f  a l l  c o lo u r - r in g e d  
b ird s  w ith in  i t  reco rd ed .
I  te s te d  my a b i l i t y  to  judge d is ta n c e s  by s e le c t in g  two ad jac e n t 
n a tu ra l  fe a tu re s  a t  a d is ta n c e  from my o b serv a tio n  p o in t s im ila r  to  
t h a t  o f  t y p i c a l  tu r n s to n e  f lo c k s ,  e s t im a t in g  t h e i r  d i s ta n c e  a p a r t  
(a lw ay s b e tw een  th r e e  and 12 m e tr e s ) ,  th e n  w a lk in g  up to  them  and 
m e asu rin g  th e  d i s t a n c e  a c c u r a t e ly  w ith  a ta p e  m easu re . Two more 
o b je c ts  were then  s e le c te d  from a new o b serv a tio n  p o in t, and so on. 
O b jects  were s e le c te d  th a t  la y  in  l in e  e i th e r  approx im ate ly  p a r a l l e l  
to  my l in e  o f v is io n , o r p e rp en d icu la r to  i t .  The r e s u l t s  showed th a t  
my e s tim a tio n  o f d is ta n c e  was n a tu ra l ly  s u b je c t to  some e r ro r  (the 
mean e r r o r  f o r  tw o o b j e c t s  p e r p e n d ic u la r  to  my l i n e  o f  v i s i o n ,  
expressed  as  a  p e rcen tage  o f th e  a c tu a l d is ta n c e  + S.E., being 16.4 + 
2.4%, n=20; fo r  p a r a l l e l  o b j e c t s  th e  mean e r r o r  = 15.8 2.7%, n -2 0 ) .
H ow ever, th e s e  e r r o r s  w ere  n o t  b ia s e d  c o n s i s t e n t l y  in  any one 
d i r e c t io n ,  a s  th e  n e t  e r r o r s  were n o t s ig n i f ic a n t ly  d i f f e r e n t  from 
z e ro  (p e rp e n d ic u la r  o b j e c t s :  mean n e t  e r r o r  = - 0 .6 +  4,5%; p a r a l l e l  
o b je c ts : mean n e t  e r ro r  = -1 .5  4^  4.5%). T herefo re  i t  can be concluded 
t h a t  my m ethod o f  ju d g in g  d i s t a n c e s  was u n l ik e ly  to  be s e r i o u s l y  
b iased  tow ards e i th e r  under- or o v e r-e s tim a tio n .
The method o f reco rd in g  th e  p o s i t io n s  o f b ird s  re s u lte d  in  th e  
d is t r ib u t io n  o f  tu rn s to n e s  and p u rp le  sandp ipers  being broken up in to  
a  number o f f lo c k s  o f c o n sp e c if ic s , which were in  f a c t  o f te n  feeding  
amongst b ird s  o f  o th e r  sp e c ie s  (predom inantly  w aders). The d e n s ity  o f
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each sp e c ie s  in  a  tu rn s to n e  o r pu rp le  sandpiper f lo c k  was measured, 
a s  w i l l  be d e s c r ib e d  in  C h ap te r 6. The s i z e  o f  th e  t o t a l  m ixed - 
sp e c ie s  flo c k  was n o t recorded , as i t  was d i f f i c u l t  to  m easure, s in ce  
some o f  th e  o th e r  s p e c ie s  do n o t  form  f lo c k s  p e r  s e , b u t  a d o p t an 
o v e r - d i s p e r s e d  d i s t r i b u t i o n  (an exam ple b e in g  th e  o y s te r c a tc h e r  
(V ines 1980)).
A t l e a s t  one hour was a llo w e d  to  e la p ^  b e tw een  s e p a r a te  
m easurem ents o f f lo c k  d i s t r ib u t io n ,  com position and d e n s ity  in  th e  
same a re a , to  ensure  independence o f da ta . In  p r a c t ic e ,  the  co n tin u a l 
changes in  flo c k in g  induced by the  t i d a l  cy c le  and my own movements 
b e tw een  d i f f e r e n t  s e c t io n s  o f  th e  s tu d y  a r e a  p re v e n te d  any b ia s  
a r i s i n g  from  re p e a te d  o b s e r v a t io n s  o f  th e  same f lo c k s .  The tim e  o f  
each o b se rv a tio n  was noted  as  both  the  c irc a d ia n  tim e  and th e  t i d a l  
tim e , recorded  a s  m inutes s in c e  th e  p rev ious h igh  w ater.
D is t in c t io n s  had to  be made between flo c k s  feed ing  over th e  high 
t i d e  p e r io d  and a t  o th e r  t im e s  (as th e  fo ra g in g  c o n d i t io n s  w ere  so  
d if f e r e n t)  and betw een feed ing  and ro o s tin g  flo c k s . The high t id e  (or 
high w ater) p e rio d  was d i s t i n c t  from th e  a c tu a l  p o in t  o f h igh  t id e ,  
and was c o n s id e re d  to  be th e  p e r io d  o f  th e  t i d a l  c y c le  when m ost o f 
th e  t y p i c a l l y  i n t e r t i d a l  h a b i t a t s  w ere c o v e red  by w a te r .  I t  was 
d e f in e d  a s  f o l lo w s .  The mean e la p s e d  t im e  b e tw een  each  low and th e  
fo llo w in g  h igh  t id e  was c a lc u la te d  over a lu n a r (28 day) cy c le , using 
th e  A d m ira lty  t i d e  t a b l e s  fo r  G reenock (20km to  th e  n o r th  o f  
A rdrossan). Ih e  tim e betw een h igh  and low t id e s  was a lso  c a lc u la te d  
over th e  same p e rio d . The h igh  t id e  p e riod  was then  taken  as  la s t in g  
from  th e  p o in t  on th e  r i s i n g  t i d e  w hich  i s  3 /4  o f  th e  mean tim e  
b e tw een  low  and h ig h  t i d e  ( i .e .  635 m in u te s  a f t e r  th e  p re v io u s  h ig h  
w a te r ) ,  u n t i l  th e  c o r re s p o n d in g  tim e  on th e  n e x t  f a l l i n g  t i d e ,  one 
q u a r te r  o f th e  tim e  between th e  h igh  t id e  and th e  n ex t low t id e  (i.e . 
84 mins. a f t e r  high w a ter). The tim e o u ts id e  t h i s  h ig h  w ater p e rio d ,
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F ig .1.2. D iagram  o f  how th e  t i d a l  c y c le  was d iv id e d  in to  h ig h  t i d e  
and exposure p e rio d s . Dashed l in e s  in d ic a te  th e  tim e s  o f  h igh  and low 
w a te r ,  w h ile  th e  num bers r e f e r  to  th e  t im e  ( in  m in u te s )  s in c e  th e  
p rev ious h igh  w ater. See te x t  fo r  ex p lan a tio n .
ag
Oi
COCO
d
i S
X
from  th e  f a l l i n g  t i d e  th ro u g h  low t i d e  to  th e  n e x t  r i s i n g  t i d e ,  i s  
re fe r re d  to  as th e  exposure p e rio d , and was d e fin ed  a s  la s t in g  from 
85 u n t i l  634 m in u te s  a f t e r  th e  p re v io u s  h ig h  t i d e  (see  F ig .1 .2 ). To 
s im p lify  a n a ly se s , no d i s t in c t io n  was made between neap and sp rin g  
t id e s .
F lo c k s  w ere  o n ly  c l a s s i f i e d  a s  fe e d in g  i f  a t  l e a s t  75% o f  th e  
b ird s  were a c tu a l ly  feed ing  (i.e . le s s  than 25% ro o s tin g ) . The g re a t  
m a jo r i ty  o f  f lo c k s  e n c o u n te re d  d u r in g  th e  e x p o su re  p e r io d  w ere 
f e e d in g ,  w h e rea s  many h ig h  w a te r  f lo c k s  w ere  r o o s t in g .  E a r l i e r  
s t u d i e s  have a l s o  found  t h a t  b o th  s p e c ie s  te n d  to  spend  a lm o s t  a l l  
th e  d a y l i g h t  e x p o su re  p e r io d  f e e d in g , e s p e c i a l l y  d u r in g  m id w in te r  
(Feare 1966, Baker 1981, M arshall 1981). C onversely , n e ith e r  sp ec ie s  
h as been  found to  fe e d  a t  n ig h t  (F eare  1966, B re a re y  1982, M a rsh a ll  
1981, p e r s ,  o b s .) , u n l ik e  many o th e r  w ader s p e c ie s  (e .g . red sh an k  
(G o ss-C u s ta rd  1969), o y s te r c a tc h e r  (H u lscher 1976) and g re y  p lo v e r  
P lu v ia lu s  sq u a te ro la  (Townshend e t  a l.l9 8 4 )).
F u r th e r  d e t a i l s  o f  o b s e r v a t io n a l  methods a r e  g iv e n  w here 
a p p ro p ria te  under th e  re le v a n t methods s e c tio n s  o f  C hapters 2 to  6.
(c) H a b ita t Use by T urnstones and P urp le  Sandpipers
F ig u re  1.3 g iv e s  th e  a v a i l a b i l i t y  o f  e ach  h a b i t a t  ty p e  in  th e  
s tudy  a re a  (expressed as a  p ercen tage  o f th e  t o t a l  i n t e r t i d a l  a re a , 
e s t im a te d  a s  l,508 ,000m ^ d u r in g  th e  e x p o su re  p e r io d  and 230,000m^ 
o v er th e  h ig h  w a te r  p e r io d ) .  A lso  shown a r e  th e  o b se rv e d  h a b i t a t  
p re fe re n c e s  o f th e  two sp e c ie s  (i.e . the  p ro p o r tio n  o f b ird s  seen in  
each h a b i ta t ) ,  g iven .by  th e  number o f f lo c k s  reco rded  in  each h a b i ta t  
m u l t i p l i e d  by th e  num ber o f  b i r d s  in  th e  f lo c k s .  I t  i s  c l e a r  t h a t  
both  sp e c ie s  avoided c e r ta in  h a b i ta ts  w h ile  p re fe r in g  o th e rs . Purp le 
san d p ip ers  were never seen on sand, and tu rn s to n e s  r a r e ly  so, d e sp ite  
i t  c o v e r in g  a lm o s t  60% o f  th e  i n t e r t i d a l  zone. D u rin g  th e  ex p o su re
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F ig .1,3, A c o m p ariso n  o f  th e  a v a i l a b i l i t y  o f  each  ty p e  o f  h a b i t a t  
(w hite b a rs , expressed  as  a percen tage  o f  th e  t o t a l  a re a ) , and th e i r  
u se  by fo r a g in g  tu r n s to n e s  and p u rp le  s a n d p ip e r s  (b lack  b a r s ,  
expressed  as  th e  t o t a l  number o f  b ird s  recorded  on each h a b i ta t  as a 
p ercen tage  o f th e  t o t a l  number seen fo rag in g ). Key fo r  h a b i ta t  types: 
S = Sand, B = B o u ld e r , R = Rock, M = M u sse lb ed , Lr = Loose ro c k , P = 
P ools, Lw = Live w rack, Sh = S h ing le , Dw = Dead wrack, A = A lgal rock 
and T = T id e lin e  (the a re a  o f which could  n o t be measured).
(a) = tu rn s to n e s , exposure p e rio d .
(b) = p u rp le  san d p ip e rs , exposure p e rio d .
(c) = tu rn s to n e s , h igh  w ater p e rio d .
(d) = p u rp le  san d p ip e rs , h igh  w ater p e r io d .
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p e rio d , tu rn s to n e s  were most f re q u e n tly  seen amongst bou lders  and on 
rock, lo o se  rock and m usselbeds. They were a lso  seen  (although le s s  
f r e q u e n t ly )  on a l l  sev en  h a b i t a t s .  Over th e  sam e p e r io d  p u rp le  
s a n d p ip e r s  w ere m ost o f t e n  found  on ro c k s ; m u sse lb e d s  w ere a l s o  
f r e q u e n t ly  u se d , b u t many o f  th e  o th e r  h a b i t a t s  w ere o n ly  used  
s p o r a d ic a l ly ,  i f  a t  a l l .  A t h ig h  w a te r  th e  a v a i l a b l e  c h o ic e  o f  
h a b i ta ts  was more r e s t r i c t e d .  P urp le  san d p ip ers  were only  found in  
four h a b i ta ts  (and showed an even g re a te r  p re fe re n ce  fo r rock), w h ile  
fo ra g in g  tu r n s to n e s  w ere p re d o m in a n tly  found  on dead  w rack  and 
s h in g le ,  tw o h a b i t a t s  r a r e l y  u sed  a t  o th e r  t im e s .  T h is  p re su m ab ly  
r e f l e c t s  th e  reduced a v a i l a b i l i t y  o f l i t t o r a l  in v e r te b ra te s  over th e  
h ig h  w a te r  p e r io d ,  and th e  c o n se q u e n t s h i f t  in  tu r n s to n e  d i e t s  to  
food p re s e n t in  th e  d e b r is  brought in  by th e  t id e  and l e f t  along th e  
s tra n d  l in e .
(d) Data A nalysis
S t a t i s t i c a l  an a ly ses  were c a r r ie d  o u t (fo llow ing  th e  procedures 
and g u id e lin e s  o f Sokal & R ohlf (1981) and S ie g e l (1956)), using  th e  
SPSS, BMDP and MINITAB s t a t i s t i c a l  co m p u te r p ack ag es  (Nie e t  a l .  
(1975), D ixon (1983) and Ryan e t  (1976) r e s p e c t i v e l y ) .  D ata  w ere 
tr a n s fo rm e d  a s  a p p r o p r ia te  to  m eet th e  c o n d i t io n s  o f  p a r t i c u l a r  
s t a t i s t i c a l  t e s t s ;  d e t a i l s  o f  th e s e  t r a n s f o r m a t io n s ,  and o f  th e  
m ethods u sed  to  t a c k l e  m ore com plex a n a ly s e s  (such  a s  c l u s t e r  
a n a ly s i s ) ,  a r e  d e s c r ib e d  in  th e  r e l e v a n t  s e c t io n s  o f  th e  t e x t .  A ll  
s t a t i s t i c a l  p r o b a b i l i t i e s  q u o te d  in  th e  t e x t  r e f e r  to  t w o - t a i l e d  
t e s t s  o f s ig n if ic a n c e .
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1CHAPTER TWO -  POPULATIŒI STRUCTURE & TURNOVER
Any s tu d y  o f  th e  b e h a v io u r  o f  a n im a ls  in  g ro u p s  m u st ta k e
W ith in  each  g ro u p  th e r e  i s  a s t a b l e  h ie r a r c h y ,  b ased  on in d iv id u a l
:î
a c c o u n t o f  c o n s t r a i n t s  w h ich  may be im posed by o th e r  a s p e c ts  o f  a
Is p e c ie s ' s o c io e c o lo g y . For in s ta n c e ,  a d a p ta t io n s  to  g ro u p  l i v i n g  4 
(such a s  r i t u a l i s e d ,  n o n - e s c a la t in g  a g g re s s iv e  e n c o u n te r s ,  o r th e  
s h a r in g  o f  v ig i la n c e )  w ould be u n l ik e ly  to  d e v e lo p  i f  i n d iv id u a l s  
norm ally  moved independen tly  o f , or avoided, each o th e r (Monaghan & 
M e tc a lfe  in  p r e s s ) .  Even in  a g r e g a r io u s  s p e c ie s ,  th e  d e g re e  o f  
com plexity  o f  th e  s o c ia l  o rg a n is a tio n  depends p a r t ly  on the  s t a b i l i t y  
and s iz e  o f i t s  fu n c tio n a l u n i t s  o f p opu la tion . Thus, i f  in d iv id u a ls  
a re  e i th e r  s h o r t - l iv e d  o r a re  c o n tin u a lly  moving between groups, th e  
rap id  tu rnover o f group com position  w i l l  p rev en t th e  fo rm ation  o f any 
s u b t l e  i n t e r - i n d i v i d u a l  r e l a t i o n s h i p s  (such a s  s t a b l e  h i e r a r c h i e s  
based on in d iv id u a l re c o g n itio n ) . A s im ila r  c o n s tr a in t  may app ly  to  
v e ry  la r g e  g ro u p s  (such  a s  fe e d in g  f lo c k s  o f  w eaver f in c h e s  Q uelea  
que le a  or m ig ra tin g  w ild e b e e s t Connochaetes ta u r in u s ) , u n le ss  th e re  
i s  non-random  a s s o r t a t i v e  a s s o c i a t i o n  o f  i n d iv id u a l s  w i th in  th e
group. 5
I t  th u s  becom es im p o r ta n t  in  a  s tu d y  o f  s o c i a l  b e h a v io u r  to  |
d e te rm in e  n o t  o n ly  th e  e x t e n t  o f  a g g re g a t io n  b u t a l s o  th e  s i z e  and |
s t a b i l i t y  o f  th e  p o p u la t io n ,  so  t h a t  any c o n s t r a i n t s  on s o c i a l i t y
sim posed by d em o g rap h ic  f a c t o r s  can  be e v a lu a te d .  For in s ta n c e ,  th e  
h e r r in g  g u l l  L a ru s  a r g e n ta tu s  and th e  b lu e  ja y  C y a n o c i t ta  c r i s t a t a  
a re  both  g re g a rio u s  sp e c ie s , b u t th e i r  degrees o f p o p u la tio n  m ixing %
l i e  a t  e i th e r  end o f  a  spectrum  th a t  has a g re a t  in flu en ce  on s o c ia l
4:o rg a n isa tio n . Blue ja y s  have sm all home ranges, m ain tained  from year 
to  y ea r, w ith in  which th ey  move in  s ta b le  groups o f around 15 b ird s .
re c o g n itio n , so th a t  dom inant b ird s  have undisputed  p r io r  access  to
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l o c a l i s e d  food  p a tc h e s ,  w ith  s u b o rd in a te s  m aking no a t te m p t  to  
d isp la c e  those  h ig h er in  th e  pecking order (Racine & Thompson 1983). 
In  c o n t r a s t ,  i n d iv id u a l  h e r r in g  g u l l s  may undergo  lo n g  m ig r a t io n s  
(Coulson e t  a l .  1984), t r a v e l  co n sid erab le  d is ta n c e s  between ro o s ts  
and feed ing  s i t e s  (Shedden 1983), and o f te n  change feed ing  s i t e s  such 
a s  ru b b is h  t i p s  from  day  to  day  (Monaghan 1980). As r o o s t s  may 
c o m p rise  te n s  o f  th o u sa n d s  o f  b i r d s ,  and a s  th e r e  may be s e v e r a l  
th o u san d  b i r d s  f e e d in g  a t  a t i p  a t  any one t im e , any form  o f  
r i t u a l i s e d  b e h a v io u r  b a sed  on in d iv id u a l  r e c o g n i t io n  i s  c l e a r l y  
im p o ssib le . In s te a d , b ird s  c o n te s t  fo r  food by scram ble  co m p etitio n , 
w ith  fre q u e n t ag g re ss iv e  in te ra c t io n s  over food item s. W hile fem ales 
and ju v e n ile s  tend  to  lo se  o u t in  co m p etitio n  w ith  m ales and a d u lts  
re s p e c tiv e ly  (Monaghan 1980), th e se  a re  on ly  g e n e ra l is a t io n s  apply ing  
to  c a t e g o r i e s  o f  b i r d ,  in  c o n t r a s t  to  th e  f a r  s u b t l e r  i n t e r a c t i o n s  
th a t  occur between in d iv id u a l b lue  jay s.
A seco n d  p o in t  t h a t  a r i s e s  o u t  o f  t h i s  l a s t  exam ple  i s  t h a t  
s u b o r d in a te  a n im a ls  may be fo rc e d  to  u t i l i z e  s e c o n d a ry  h a b i t a t s ,  
w hich  o f t e n  le a d s  to  t h e i r  d i s p e r s in g  more w id e ly  th a n  d o m in a n ts  
(Monaghan 1980). T h is  may le a d  to  t h e i r  s u f f e r i n g  h ig h e r  m o r t a l i t y  
r a t e s  ( F r e tw e l l  1969, W atson & Moss 1970, D i t t u s  1977). Thus s o c i a l  
b e h a v io u r  may in  tu r n  be th e  cau se  o f  p o p u la t io n  tu r n o v e r ,  w ith  
d i f f e r e n t  components o f th e  p o p u la tio n  a f fe c te d  in  d i f f e r e n t  ways.
T herefo re  t h i s  ch ap te r a tte m p ts  to  de term ine  th e  s t a b i l i t y  and 
s i z e  o f  th e  p o p u la t io n s  u n d er s tu d y . S t a b i l i t y  i s  a s s e s s e d  by 
a n a ly s is  o f  th e  s u rv iv a l r a te s  and s i t e  f a i th f u ln e s s  o f b ird s , and o f 
th e  t im in g  o f  m ovem ents in  and o u t o f  th e  s tu d y  a re a .  The f i r s t  
s ta g e s  in  t h i s  a re  n e c e s s a r i ly  to  determ ine what p ro p o r tio n  o f those  
b ird s  th a t  were marked were a c tu a l ly  p a r t  o f th e  r e s id e n t  p o p u la tio n , 
and how adequate were th e  methods used to  census th e  p o p u la tio n .
As much o f  th e s e  a n a ly s e s  u t i l i z e  d a ta  on m arked  b i r d s ,  th e
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.Ic o n c lu s io n s  t h a t  can  be re a c h e d  fo r  p u rp le  s a n d p ip e r s  a r e  r a th e r  
l i m i t e d ,  a s  so  few b i r d s  w ere  r in g e d . M ost o f  th e  c h a p te r  i s  
th e re fo re  concerned s o le ly  w ith  th e  tu rn s to n e  p o p u la tio n , and p u rp le  
san d p ip ers  a re  t r e a te d  s e p a ra te ly  in  s e c tio n  2,4, ■ '
2.1 The C la s s i f ic a t io n  o f  B irds According to  th e i r  Degree o f
Residency in  the  Study Area
2 .1 .1  Methods
There was g re a t  v a r ia t io n  in  the  r e g u la r i ty  w ith  which marked 
b ird s  were seen  in  th e  s tudy  a rea . Although th e  m a jo r ity  were found 
to  have a r e a d i ly - d e f in e d  home ran g e  w i th in  i t s  l i m i t s  (and w ere  
th e re fo re  seen  fre q u e n tly ) , o th e rs  were only  seen o c c a s io n a lly , some 
d isappeared  soon a f t e r  cap tu re  and some were never seen a t  a l l  a f te r  
they  had been re le a se d . T herefo re  b ird s  were c a te g o rise d  according 
to  th e  frequency w ith  which they  were seen, a s  fo llo w s;
R e s id e n ts :  s e e n  a t  l e a s t  e i g h t  t im e s  in  th e  s ix  m onths fo l lo w in g  
cap tu re  (not counting  th e  four months from mid-May to  m id-Septem ber, 
when b i r d s  w ere  on th e  b re e d in g  g ro u n d s) , and a t  a s i m i l a r  r a t e  
th e r e a f t e r ,
V is i ta n ts :  seen le s s  than  e ig h t  tim es in  s ix  months, b u t seen on th e  
s tudy  s i t e  a t  l e a s t  four months a f t e r  c ap tu re , and a t  a s im ila r  r a te  
t h e r e a f t e r .
T r a n s ie n ts :  s e e n  l e s s  th a n  e i g h t  t im e s ,  and n e v e r seen  more th a n  
th re e  months a f t e r  cap tu re .
A f o u r th  c a te g o ry  c o n ta in e d  th e  few b i r d s  n ev e r see n  a t  a l l  
a f t e r  r in g in g .
2 .1 .2  R esu lts
Table 2.1 shows th e  sam ple o f  100 a d u lts  and 19 ju v e n ile s  ringed  
in  t h i s  s tu d y  c a te g o rise d  by th e  above method.
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Table 2.1 The i n i t i a l  c a te g o r is a t io n  o f a l l  tu rn s to n e s  c o lo u r-rin g ed  
in  th e  s tudy , according  to  t h e i r  degree o f  re s id en cy
A dults Ju v en ile s
Category Number Percentage Number Percentage
R esiden t 73 73 9 47
V is i ta n t  13 13 3 16
T ran s ie n t 10 ) 4 )
) 14 ) 37
Never seen 4 ) 3 )
T o ta l 100 19
T here  w ere  v e ry  few  ch anges in  th e  freq u e n cy  w ith  w hich 
in d iv id u a l  b i r d s  w ere  se e n  w hich  n e c e s s i t a t e d  t h e i r  b e in g  r e ­
c la s s i f i e d  a f t e r  th e  i n i t i a l  s ix  months. One b ird  was seen re g u la r ly  
during  th e  w in te r in  which i t  was ringed , then  on on ly  f iv e  occasions 
d u r in g  th e  n e x t two y e a r s .  I t  w as, how ever, seen  d u r in g  t h i s  p e r io d  
(by a member o f th e  p u b lic ) a t  I rv in e  harbour, 3.5km to  the  south  o f 
th e  s tudy  a rea . A second b ird , ringed  and subsequently  seen re g u la r ly  
in  th e  second w in te r o f th e  p ro je c t ,  was seen a t  P restw ick  (16km to  
th e  so u th ) t h a t  A p r i l ,  and th e n  o n ly  tw ic e  in  th e  s tu d y  a re a  in  th e  
fo llo w in g  w in te r. Both b ird s  th u s  appear to  have s h if te d  th e i r  home 
range during  the  s tudy , to  reg io n s  o u ts id e  th e  main study a rea . Two 
b ird s  were ringed  and seen  fre q u e n tly  during  th e  f i r s t  w in te r , then 
n o t  s e e n  a t  a l l  in  th e  sec o n d , o n ly  to  re a p p e a r  in  th e  t h i r d  (one 
r e g u l a r l y ,  in  much th e  same lo c a t io n s  a s  p r e v io u s ly ,  b u t th e  o th e r  
o n ly  s p o r a d ic a l ly ) .  The f i r s t  b i r d  h as t h e r e f o r e  been  t r e a t e d  a s  a 
r e s i d e n t  t h a t  was a b s e n t  f o r  a  y e a r ,  and th e  second  a s  a r e s i d e n t  
th a t  became a v i s i t a n t .  The f i n a l  case  o f a b ird  changing ca tego ry  i s  
one th a t  j u s t  f a i le d  to  c l a s s i f y  as  re s id e n t  in  i t s  f i r s t  s ix  months 
(being seen seven tim e s), b u t subsequen tly  reached th e  th re sh o ld  in  
th e  succeeding p erio d . As th e re  was no evidence o f any s h i f t  in  home 
range (the b ird  alw ays having been seen a t  S tevenston), the  change in
21
w ith  e x c e p t io n a l ly  l a r g e  home ra n g e s , o f  w h ich  th e  s tu d y  a r e a  was 
o n ly  a p a r t ) .  In  c o n t r a s t ,  b i r d s  t h a t  q u ic k ly  d is a p p e a re d  o r w ere
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s ta tu s  o f  t h i s  b ird  i s  p robab ly  an a r te f a c t  o f  th e  a r b i t r a r y  d iv is io n  
between th e  c a te g o r ie s . Thus i f  t h i s  b ird  i s  ignored , th e re  were on ly  
th re e  b ird s  (out o f  86 a d u lts  and 12 ju v e n ile s  i n i t i a l l y  c la s s i f i e d  
as re s id e n t  or v i s i t a n t )  th a t  changed s ta tu s  during  th e  study.
I t  i s  l i k e ly  th a t  many o f  th e  b ird s  c la s s i f ie d  as  v i s i t a n t s  had 
home ra n g e s  t h a t  w ere p a r t i a l l y  o r w h o le ly  o u ts id e  th e  s tu d y  a re a  
(and may th e re fo re  have been o u ts id e  th e i r  normal range when seen  in  
th e  study a re a ). T his i s  in d ic a te d  by:
(a) th e  in te r m i t te n t  appearance o f  such b ird s  w ith in  th e  s tudy  a re a , 
o f te n  over long p e rio d s ;
(b) a n a lo g o u s  o c c a s io n a l  ’a b e r r a n t ’ movements by re s id e n t  b ird s ,  o f 
up to  s e v e ra l k ilo m e tre s  o u ts id e  th e i r  normal home range (chapter 3);
(c) th e  p re s e n c e  o f  s i z e a b l e  p o p u la t io n s  o f  tu r n s to n e s  on th e  
contiguous s t r e tc h e s  o f  c o a s t l in e ;
(d) th e  te n d e n c y  f o r  v i s i t a n t s  to  be seen  on th e  p e r ip h e r y  o f  th e  
s tu d y  a re a  ( th e  16 v i s i t a n t s  w ere seen  a t o t a l  o f  105 t im e s  in  th e  
f i r s t  two y e a r s  o f  th e  s tu d y  (when N o rth  Beach was s e a rc h e d  
e x te n s iv e ly ) ;  80,0% o f  th e s e  s ig h t in g s  w ere e i t h e r  on N o rth  Beach 
(n=53) or a t  S tevenston  (n=31)) ,  and ;
(e) o c c a s io n a l  s i g h t i n g s  o f  v i s i t a n t s  away from  th e  s tu d y  s i t e .  
S e v e ra l  s e a rc h e s  w ere made (by m y se lf  o r Dr.R,W. F u rn ess) a lo n g  th e  
6km s t r e t c h  o f  c o a s t  to  th e  n o r th  o f  th e  s tu d y  a r e a ;  th e  o v e r a l l  
p r o p o r t io n  o f  b i r d s  c o lo u r - r in g e d  in  t h i s  a r e a  was o n ly  2 /2 3 3 , and 
both  o f  th e se  b ird s  had been c a te g o rise d  as  v i s i t a n t s .
I t  i s  t h e r e f o r e  p ro b a b le  t h a t  th e r e  was no d i f f e r e n c e  b e tw een  
r e s i d e n t  and v i s i t a n t  b i r d s  e x c e p t  in  th e  l o c a t i o n  o f  t h e i r  home 
range (although th e  v i s i t a n t  ca tego ry  may have inc luded  a few b ird s
I
never seen a f t e r  c ap tu re  m ust have e i th e r  d ied  or moved away from the  
a re a  soon a f t e r  c a p tu r e .  P ro o f  t h a t  some b i r d s  may move o v e r long  
d i s t a n c e s  o u ts id e  th e  b re e d in g  sea so n  comes from  one b i r d  t h a t  had 
been ringed  in  th e  s tu d y  a re a  in  m id-February, and had then  been seen 
four tim es  in  th e  fo llo w in g  th re e  weeks befo re  d isap p ea rin g . I t  was 
then  found f r e s h ly  dead over a  thousand k ilo m e tre s  away in  France th e  
n e x t August.
I f  th e  tw o c a t e g o r i e s  o f  d is a p p e a r in g  b i r d s  a r e  com bined , 
c o m p ariso n s  w ith  th e  num bers c l a s s i f i e d  a s  r e s i d e n t  show t h a t  a
2g r e a t e r  p r o p o r t io n  o f  j u v e n i l e s  d is a p p e a re d  th a n  d id  a d u l t s  ( X = 
4 .78 , 1 d . f . , P < 0 .0 5 ). T h e re fo re  j u v e n i l e s  m u st e i t h e r  be more 
v a g ile  o r s u f fe r  a h ig h e r m o r ta l i ty  than  a d u lts .
on w hich a p a r t i c u l a r  b i r d  was s e e n , a s  a p e rc e n ta g e  o f  th e  t o t a l  
number o f  o b se rv a tio n  days. T h is t o t a l  number was taken  as th e  number
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2 .2  T es ts  o f  th e  Adequacy o f  Census Methods
No a tte m p t was made to  cover th e  e n t i r e  s tudy  a re a  evenly , and 
so i t  was to  be e x p e c te d  t h a t  (even am ongst r e s id e n t s )  some b i r d s  
would be seen more f re q u e n tly  than  o th e rs . However, i t  was u se fu l to  
have some in d ic a tio n  o f  th e  lik e lih o o d  o f seeing  a p a r t ic u la r  b ird  on 
any one day o f  o b s e r v a t io n ,  a s  c a l c u l a t i o n s  o f  home ra n g e s , s p r in g  
d ep a rtu re  d a te s  and s u rv iv a l  e s tim a te s  a l l  make th e  assum ption th a t  
the  b ird s  th a t  a re  seen on any one day a re  an unbiased and reasonab ly  
s u b s ta n t ia l  p ro p o r tio n  o f  th e  t o t a l  p re sen t. T herefo re  two an a ly ses  
were c a r r ie d  o u t to  examine my a b i l i t y  to  lo c a te  re s id e n t  b ird s : th e  
f i r s t  being th e  c a lc u la t io n  o f  an index o f th e  frequency w ith  which 
in d iv id u a l s  w ere  s e e n , w h ile  th e  second  was a  t e s t  o f  how long
re s id e n t  b ird s  could  go u ndetec ted .
2 .2 .1  Methods   _
The s ig h tin g  frequency  index was defin ed  as th e  number o f days
I
o f days o f o b se rv a tio n  from th e  day o f r in g in g  to  th e  f in a l  s ig h tin g  
o f th e  b ird , d isco u n tin g  days a f t e r  th e  l a s t  s ig h tin g  each sp rin g  (as 
th e  b i r d  was assum ed to  have d e p a r te d  fo r  th e  b re e d in g  g ro u n d s  on 
t h a t  d a te ,  and so was no lo n g e r  a b le  to  be seen  on th e  s tu d y  s i t e ) .  
T h is  in d ex  was n o t c a l c u l a t e d  fo r  b i r d s  t h a t  w ere c l a s s i f i e d  a s  
t r a n s ie n t s ,  as  th e  s h o r t  p e rio d  over which th e  index would have been 
d e te rm in e d  would le a d  to  la r g e  e r r o r s  in  any e s t im a te s  p ro d u ced . 
T herefore  th e  minimum tim e  p e rio d  was four months, and the  average 
was w e ll over a year.
The second  t e s t  o f  my a b i l i t y  to  lo c a t e  r e s i d e n t  b i r d s  was to  
p lo t  th e  cum ulative  t o t a l  number o f  in d iv id u a ls  seen w ith  in c reas in g  
number o f  d ay s  o f  o b s e r v a t io n  s in c e  an i n i t i a l  s t a r t i n g  d a te .  T h is  
would a llow  e s tim a tio n  o f  th e  number o f days fie ld w o rk  req u ired  to  
see  50%, 75%, 95% and so  on o f  th e  r e s id e n t  p o p u la t io n .  The s t a r t  o f  
the  1982/83 season prov ided  a convenient sequence o f o b se rv a tio n  days 
fo r  t h i s  a n a ly s is ,  as th e  p o p u la tio n  a lre ad y  con tained  a reasonable  
number o f  marked b ird s  known to  be re s id e n t ,  and th e  f i r s t  day o f  th e
(This a n a ly s is  was on ly  conceived a f t e r  the  season was over, so the
number o f  s ig h tin g s .)  
2 .2 .2  R esu lts
■a:J
seq u en ce  c o u ld  be ta k e n  a s  th e  f i r s t  day o f  th e  s e a s o n 's  f ie ld w o rk .
fie ld w o rk  was n o t u n u su a lly  o r ie n ta te d  tow ards o b ta in in g  a maximum
F igure  2,1a shows th e  frequency d is t r ib u t io n  o f the  percen tage  
o f  d ay s on w hich  a d u l t s  and ju v e n i l e s  w ere s e e n , w h ile  F ig u re  2.1b 
show s th e  d i s t r i b u t i o n  f u r t h e r  d iv id e d  in to  r e s i d e n t  and v i s i t a n t
b ird s  (those th a t  changed ca teg o ry  having been o m itted ). W hile th e re  
i s  g r e a t  v a r i a t i o n  in  th e  p e rc e n ta g e  o f  d ay s  t h a t  a b i r d  was seen  
when th e  sam p le  i s  ta k e n  a s  a w hole ( th e  minimum b e in g  3,2%, th e  
maximum 90.9%), r e s i d e n t  b i r d s  w ere seen  on a  minimum o f 24% o f  
o b se rv a tio n  days, and th e  'average ' r e s id e n t  was seen every o th e r day
I
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F ig .2.1. (a) Frequency d is t r ib u t io n  o f th e  number o f o b se rv a tio n  days 
on which c o lo u r-r in g ed  tu rn s to n e s  were seen. Ju v e n ile s  in d ic a te d  by 
s p e c k l in g ,  (b) D ata  a s  in  (a ), b u t s p l i t  i n to  b i r d s  c l a s s i f i e d  a s  
v i s i t a n t s  (upper h is to g ram , n=15) and b ird s  c l a s s i f i e d  as  re s id e n ts  
(lower h is togram , n=7‘) ) .
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o f o b s e r v a t io n  (mean = 51.9 1.8 %, n==79). T here  was no d i f f e r e n c e
between th e  r e g u la r i ty  o f  s ig h tin g s  o f re s id e n t  a d u lts  and ju v e n ile s  
(Mann-Whitney U t e s t ,  U=2930, NS).
The c u m u la t iv e  p l o t  o f  r e s i d e n t s  s e e n  a g a i n s t  d a y s  o f  
o b se rv a tio n  i s  shown in  F igure  2,2, A t o t a l  o f 54 o f th e  b ird s  ringed  
and c a te g o rise d  as  r e s id e n ts  in  th e  1981/82 season were seen to  have 
r e tu r n e d  in  th e  1982 /83  se a so n . A d u lts  and j u v e n i l e s  have been  
combined, as  th e re  was no a g e - re la te d  d if fe re n c e  in  th e  lik e lih o o d  of 
r e s id e n ts  being seen. Given th e  asym pto tic  n a tu re  o f the  curve , and 
th e  f a c t  th a t  no new s ig h tin g s  were made in  th e  21 v i s i t s  made in  the  
l a t t e r  h a l f  o f  th e  s e a s o n , i t  seem s l i k e l y  t h a t  a l l  th e  r e s i d e n t  
b i r d s  p r e s e n t  in  th e  s tu d y  a r e a  t h a t  y e a r  w ere  lo c a te d .  Of t h i s  
t o t a l ,  over 55% were seen on th e  f i r s t  v i s i t ,  and by th e  te n th  v i s i t  
( a t  th e  end o f  O c to b er) o n ly  f i v e  p e r c e n t  had s t i l l  to  be see n  fo r  
th e  f i r s t  tim e. T h is may have been because th ey  were l a t e r  than  most 
b i r d s  in  r e tu r n in g  t o  th e  s tu d y  a r e a ,  o r b ecau se  th e y  w ere p r e s e n t  
b u t had n o t  been  s e e n . The fo rm e r may have been  th e  c a se  f o r  some 
b ird s ,  as B rearey (1982) found th a t  a  sm all p ro p o rtio n  of Tees mouth 
tu rn s to n e s  d id  n o t r e tu rn  in  th e  autumn u n t i l  O ctober.
As d iscu ssed  e a r l i e r ,  two re s id e n t b ird s  d id  no t reappear u n t i l
I
th e  n e x t  s e a so n ; one w as th e n  o n ly  see n  tw ic e  (and so  can  be 
considered  to  have changed to  v i s i t a n t  s ta tu s ,  and can be ignored  in  
t h i s  a n a ly s i s ) .  The o t h e r ,  h av in g  been  seen  12 t im e s  in  th e  th r e e  
rem aining months fo llo w in g  r in g in g  in  th e  f i r s t  y e a r , was again  seen 
re g u la r ly  (13 tim es  in  fo u r months) in  th e  th i r d  y ear; i t  thus seems 
im p ro b ab le  t h a t  t h i s  b i r d  c o u ld  have been  r e s i d e n t  (b u t re m a in  
unseen) in  th e  second year.
The c o n c lu s io n s  to  be re a ch e d  a r e  t h e r e f o r e  t h a t ,  w h ile  th e r e  
was v a r ia t io n  betw een in d iv id u a ls  in  th e  frequency w ith  which they
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F ig .2.2. Cum ulative graph o f th e  number o f co lo u r-r in g ed  tu rn s to n es , 
c la s s i f i e d  a s  re s id e n ts  in  th e  1981/82 w in te r , th a t  were subsequently  
re s ig h ted . Thus t h i r t y  had been seen a f t e r  th e  f i r s t  o b serv a tio n  day 
(on 7 th  S ep tem ber) o f  th e  1982/83  w in te r ,  and th e  l a s t  to  be seen  
t h a t  w in te r  was on th e  1 6 th  o b s e r v a t io n  day (on 2 9 /1 /8 3 ) , Two more 
were seen in  th e  autumn o f 1983.
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w ere s e e n , on a v e ra g e  each  r e s i d e n t  b i r d  w ere  seen  on 50% o f 
o b se rv a tio n  days, and i t  was e x tre m e ly  u n l ik e ly  t h a t  c o lo u r - r in g e d  
re s id e n ts  could have gone undetected  fo r  long p e rio d s  o f tim e.
2.3 The S ize  o f  th e  P o p u la tio n , S u rv iv a l R ates, and th e  Timing o f
M igration
Having e s ta b lis h e d  th a t  th e  m a jo rity  o f b ird s  th a t  were co lo u r-  
ringed  rem ained w ith in  th e  s tudy  a re a , and th a t  re s id e n t  b ird s  were 
u n lik e ly  to  rem ain undetec ted  by my censussing  tech n iq u es , i t  was now 
p o s s ib le  to  e s t i m a te  th e  s i z e  o f  th e  w in te r in g  p o p u la t io n ,  th e  
su rv iv a l r a t e  and th e  approxim ate tim ing  o f  sp rin g  m ig ra tio n . As an 
assum ption in  th e  c a lc u la t io n  o f th e  f i r s t  two p aram ete rs  i s  th a t  no 
em ig ra tio n  was occuring  a t  th e  tim e , a lo g ic a l  sequence o f a n a ly s is  
i s  to  d e te rm in e  th e  t im in g  o f  s p r in g  m ig r a t io n  f i r s t ,  and th e n  th e  
e s tim a te s  o f  su rv iv a l and p o p u la tio n  s iz e .
2 .3 .1  Methods
The s tu d y  s i t e  was v i s i t e d  r e g u l a r l y  th ro u g h o u t th e  s p r in g  
p e r io d  (on a v e ra g e  a p p ro x im a te ly  e v e ry  fo u r  d ay s  in  th e  f i r s t  two 
s e a s o n s , b u t  o n ly  e v e ry  e i g h t  d ays in  th e  t h i r d ) ;  a s im p l i f y in g  
approxim ation  can th e re fo re  be made th a t  b ird s  m ig ra ted  away from th e  
s tu d y  a re a  on th e  day  th e y  w ere  l a s t  seen . W hile  t h i s  g iv e s  o n ly  a 
rough i n d i c a t i o n  o f  th e  a c t u a l  t im e  o f  m ig r a t io n ,  b ia s e d  to w a rd s  a 
p re m a tu re  e s t i m a t i o n  o f  d e p a r tu r e  d a te ,  i t  i s  s u f f i c i e n t  fo r  
com parative pu rposes, p ro v id ing  th e re  i s  s t i l l  s u f f i c i e n t  v a r ia t io n  
in  th e  e s tim a te s  produced. A d is t in c t io n  has to  be made between those 
d is a g ^ a ra n c e s  t h a t  were assumed to  be due to  (w inter) m o r ta l i ty ,  and 
those  due to  sp rin g  m ig ra tio n . The s im p le s t method o f  sep a ra tin g  the 
tw o was to  d e c id e  upon a th r e s h o ld  d a te  in  e a r l y  s p r in g ;  b i r d s  t h a t  
w ere l a s t  s e e n  b e fo re  t h i s  d a te  w ere  assum ed to  have d ie d ,  w h ile  
th o s e  l a s t  see n  a f t e r  i t  w ere  assum ed to  have m ig ra te d . C ho ice  o f  
th i s  d a te  was n o t e n t i r e ly  a r b i t r a r y ,  as  th e  d a te s  o f the  l a s t  sp ring
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s ig h tin g  o f  b ird s  t h a t  re tu rn ed  the  fo llow ing  autumn could be used to  
e s tim a te  th e  e a r l i e s t  tim e  o f sp rin g  m ig ra tio n . A fte r co n sid e ra tio n  
o f th e se  d e p a rtu re  d a te s  i t  was decided to  adopt th e  1 s t  o f February 
as  th e  c u t - o f f  p o in t.
The d e p a r tu r e  d a te s  o f  in d iv id u a ls  co u ld  n o t  be com pared to  
changes in  t o t a l  p o p u la tio n  s iz e ,  as  accu ra te  censuses could n o t be 
made in  a l l  p a r t s  o f  th e  s tu d y  a r e a .  N o n th e le s s ,  th e  p o p u la t io n  a t  
C o a lru ff ie  could  be counted a t  m ost t i d a l  s tag e s  w ith  l i t t l e  r is k  o f 
b ird s  being overlooked. Changes in  th i s  su b sec tio n  o f th e  p opu la tion  
have th e r e f o r e  been  ta k e n  a s  an in d i c a t io n  o f  ch anges in  th e  
p o p u la t io n  a s  a w ho le . As th e  g ro u p  o f  tu r n s to n e s  t h a t  used  
C o a lru ff ie  g e n e ra lly  a r r iv e d  and departed  as one f lo c k  (Chapter 6), 
th e  e s t i m a te s  o f  p o p u la t io n  s i z e  ( i f  g r e a t e r  th a n  zero ) w ere 
independent o f t i d a l  s ta t e .
Im m ig ra tio n  in to  th e  s tu d y  a re a  by s p r in g  p a ssa g e  b i r d s  from  
elsew here could be s tu d ie d  by m onitoring  th e  p ro p o r tio n  o f tu rn s to n e s  
th a t  were c o lo u r-rin g ed . T herefo re  th e  p e rcen tag es  o f b ird s  co lo u r-  
ringed  (given by th e  t o t a l  number seen to  be rin g ed  o u t o f a l l  b ird s  
in  f lo c k s  checked fo r  rin g s) were compared fo r d i f f e r e n t  p e rio d s  o f 
th e  w in te r  and s p r in g ,  from  th e  d a te  o f  l a s t  r in g in g  to  th e  end o f 
th e  s tu d y .
As w i th  th e  e s t i m a t i o n  o f  m ig r a t io n  t im e s ,  th e  o ccu ren ce  o f 
m o r t a l i t y  (and hence  c a l c u l a t i o n  o f  s u r v iv a l  r a t e s )  can  o n ly  be 
r e l i a b l y  d e te rm in e d  in  b i r d s  a l r e a d y  c l a s s i f i e d  a s  r e s i d e n t s .  
T herefore  th e  p e rio d  over which su rv iv a l was a sse ssed  had to  commence 
a f t e r  th e  i n i t i a l  c l a s s i f i c a t i o n  p e r io d  o f  e ach  b i r d ,  y e t  had to  
te rm in a te  b e fo re  th e  o n se t o f  m ig ra tio n  in  th e  f i n a l  year. Taking th e  
s u r v iv a l  a s s e s s m e n t p e r io d  a s  a c o m p le te  y e a r  w ould th e n  have 
r e s t r i c t e d  th e  sam ple s iz e  to  th o se  b ird s  caught in  th e  f i r s t  year?
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t h e r e f o r e  t h e  y e a r  w as s p l i t  up i n t o  tw o  p e r i o d s  ( b r o a d ly  
re p re se n tin g  summer and w in ter) over which su rv iv a l was independently  
c a l c u l a t e d .  D iv id in g  th e  y e a r  i n to  two in  t h i s  way would a l s o  show 
w hether th e  m ajor m o r ta l i ty  occurred  in  or away from th e  w in te rin g  
q u a r t e r s .  The summer p e r io d  was d e f in e d  a s  from  F e b ru a ry  1 s t  ( th e  
o n se t o f  sp rin g  m igration) to  October 1 s t ,  and w in te r  as  from October 
1 s t  to  February 1 s t. Thus summer su rv iv a l was taken  as  the  p ro p o rtio n  
o f  a l l  b i r d s ,  t h a t  w ere known to  be a l i v e  and t h a t  had been  
c l a s s i f i e d  a s  r e s i d e n t  by F e b ru a ry  1 s t ,  t h a t  w ere  seen  on o r a f t e r  
th e  fo llo w in g  October 1 s t. A s im i la r  procedure was used to  e s tim a te  
w in te r (October -  February) s u rv iv a l.
D a ta  on th e  p r o p o r t io n  o f  b i r d s  r in g e d ,  th e  p ro p o r t io n  o f 
r in g e d  b i r d s  t h a t  w ere r e s i d e n t ,  and th e  a c tu a l  num ber o f  r e s i d e n t  
b ird s  p re s e n t could be combined to  produce an e s tim a te  o f th e  t o t a l  
s i z e  o f  th e  p o p u la t io n  w in te r in g  in  th e  s tu d y  a re a .  H ow ever, a s  th e  
v a r io u s  r e g io n s  o f  th e  s tu d y  a r e a  d i f f e r e d  in  th e  number o f  b i r d s  
they  h e ld , th e  p ro p o rtio n  th a t  were c o lo u r-r in g ed , and th e  e x te n t  to  
which they  had been censussed , se p a ra te  e s tim a te s  o f p o p u la tio n  s iz e  
had to  be c o n s t r u c te d  f o r  e ach  re g io n . The s tu d y  s i t e  was d iv id e d  
in to  s ix  r e l a t i v e l y  d i s t i n c t  a r e a s :  N o rth  B each, M cC rin d le s /N o rth  
R ocks, S ou th  R ocks, S a l t c o a t s  H arb o u r, C o a l r u f f i e ,  and S te v e n s to n . 
The p e rio d  over which a l l  p a ram ete rs  were measured was taken  as from 
1 /1 0 /8 3  to  2 8 /2 /8 4 , a s  t h i s  was w e l l  a f t e r  th e  t im e  when th e  l a s t  
b ird s  had been rin g ed , and so a l l  t r a n s ie n ts  had d isappeared  and th e  
p r o p o r t io n  t h a t  w ere  c o lo u r - r in g e d  had s t a b i l i s e d .  F e b ru a ry  i s  
inc luded  in  t h i s  'w inter* p e rio d , d e sp ite  February 1 s t  being taken  as 
th e  f i r s t  d a te  o f  s p r in g  m ig r a t io n ,  a s  th e  a n a ly s i s  o f  d e p a r tu r e  
d a te s  (see la te r )  showed th a t  o n ly  5% o f th e  p o p u la tio n  had departed  
by th e  end o f  February .
D iv id in g  th e  s tu d y  s i t e  in to  th e s e  s i x  a r e a s  n e c e s s i t a t e d
28  . ,
e s t im a t in g  th e  p ro p o r t io n  o f  tim e  each  r e s i d e n t  had s p e n t  in  each  
a re a  (so a s  to  p ro d u ce  a f i g u r e  f o r  th e  a v e ra g e  num ber o f  r e s id e n t s  
per a re a ). T his was done by c a lc u la t in g  th e  p ro p o rtio n  o f s ig h tin g s  
o f  a b i r d  in  each  a r e a ,  c o m p en sa tin g  fo r  th e  a p p ro x im a te  e x te n t  o f  
observer e f f o r t  in  each a re a  by d iv id in g  the  number o f s ig h tin g s  by 
th e  number o f v i s i t s  made to  th e  a rea  over th e  p e rio d . Return v i s i t s  
made to  an a r e a  on th e  same day w ere  co u n ted  s e p a r a t e ly ,  p ro v id e d  
th a t  a t  l e a s t  one hour had e lap sed  between them.
Thus fo r  a b i r d  se e n  in  T d i f f e r e n t  a r e a s ,  th e  p r o p o r t io n  o f
tim e i t  was e stim ated  to  have sp en t in  a rea  C i s  g iven  by:
Sc
Vc
Pc = S i -  (1)
Vi
w here S i  = num ber o f  s ig h t i n g s  o f  t h a t  b i r d  b e tw een  1 /1 0 /8 3  and
28/2/84 in  a re a  i ,  and
Vi = number o f v i s i t s  to  a re a  i  over th e  same p erio d
The e s tim a te d  mean number o f re s id e n ts  in  a re a  C a t  any one tim e i s
then ; J
Nc = 2 — P jc  -  (2)
where n = t o t a l  number o f  marked re s id e n t b i rd s ,  and
P jc  = p ro p o rtio n  o f tim e j ' t h  b ird  i s  e s tim a te d  to  have
sp en t in  a r e a  C.
T
I t  fo llo w s  th a t  5 ^  Ni = n , a s  i t  has been assumed th a t  re s id e n ts  
sp en t a l l  t h e i r  tim e  in  th e  s ix  a reas .
The t o t a l  a v e ra g e  num ber o f  r e s id e n t s  p r e s e n t  in  a re a  C 
(inc lud ing  unringed  b ird s) cou ld  th en  be e s tim a te d  as  Nc/Rc, where Rc 
i s  th e  p ro p o r tio n  o f  b ird s  th a t  were co lo u r-r in g ed  in  a rea  C.
The t o t a l  num ber o f  b i r d s  p r e s e n t  a t  any one t im e  ( in c lu d in g  
v i s i t a n t s )  can  th e n  be o b ta in e d  by u s in g  th e  r a t i o  o f  r e s id e n t s  : 
v i s i t a n t s .  T his can be e s tim a te d  from th e  o v e ra l l  p ro p o rtio n s  p re se n t
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in  sam ples ob ta ined  through cannon-netting . These a re  no t e q u iv a len t 
to  th e  p r o p o r t io n s  o f  th e  t o t a l  r in g e d , a s  in  th e  l a t e r  c a tc h e s  
r e s i d e n t s  w ere  m ore l i k e l y  to  have a l r e a d y  been  m arked th a n  w ere 
v i s i t a n t s .  The o v e r a l l  r a t i o  ( ta k in g  a c c o u n t o f  th e s e  r e t r a p s )  was 
thus 104 : 17, T herefo re  i t  i s  e s tim a te d  th a t  th e re  w ere, on average,
0 .1 6 , v i s i t a n t s  i n  t h e  s tu d y  a r e a  f o r  e a c h  r e s i d e n t .  T h e i r  
d i s t r ib u t io n  can be approxim ated as e q u iv a len t to  th e  d is t r ib u t io n  o f 
s ig h t in g s  o f  m arked v i s i t a n t s  d u r in g  th e  f i r s t  two y e a r s  o f  
fie ldw ork .
T h is  m ethod o f  p o p u la t io n  e s t im a t io n  m akes th e  fo l lo w in g  
assum ptions:
1, C o lo u r - r in g e d  b i r d s  a r e  a  r e p r e s e n ta t i v e  sam p le  o f  th e  w hole 
popu la tion . There i s  no reason  to  su sp ec t t h a t  t h i s  i s  n o t th e  case , 
g iv e n  th e  r e l a t i v e l y  h ig h  p e rc e n ta g e  t h a t  w ere r in g e d  and th e  f a c t  
th a t  th e  sam ple i s  composed o f  b ird s  caught a t  a v a r ie ty  o f lo c a tio n s  
over a long p e rio d .
2, The p ro p o rtio n  o f b ird s  th a t  a re  re s id e n t  i s  equal over the  whole 
s tu d y  a re a . A gain , th e  f a c t  t h a t  t h i s  e s t i m a te  i s  b a se d  on a sam ple  
o f  b i r d s  c a u g h t a t  e i g h t  d i f f e r e n t  lo c a t io n s  m akes i t  a re a s o n a b le  
e s tim a te  fo r  th e  p o p u la tio n  a s  a whole.
3, The r a t i o  o f  r e s id e n ts :v i s i t a n t s  d id  n o t change w ith  tim e. W hile 
th e r e  may be p e r io d s  o f  in c r e a s e d  m o b i l i ty  o f  b i r d s ,  e s p e c i a l l y  in  
e a r l y  autum n and l a t e  s p r in g  (C hapter 3 ) , th e  f a c t  t h a t  v e ry  few  
m arked b i r d s  changed s t a t u s  even  over a  p e r io d  o f  th r e e  y e a r s  
in d ic a te s  th a t  th e  r a t i o  rem ains f a i r l y  s ta b le ,
2 ,3 .2  R esu lts
Timing o f  Spring M igration
T here  was no s i g n i f i c a n t  d i f f e r e n c e  in  th e  d a te s  o f  s p r in g  
d e p a r tu r e  o f  a d u l t  tu r n s to n e s  in  1982 and 1983, th e  y e a r s  in  w hich
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r e g u la r  v i s i t s  w ere made to  th e  s tu d y  a r e a  (M ann-W hitney U t e s t  on 
th e  d a te s  o f  l a s t  s ig h t in g  o f  a l l  r e s i d e n t s ,  ta k in g  1 s t  F e b ru a ry  a s  
1 , U ” 2895, n^ = 54, n 2 = 60 , NS); th e  m edian  d a te  o f  l a s t  s ig h t in g  
b e in g  3 0 th  A p r i l  in  1982, and 2 8 th  A p r i l  in  1983. T h e re fo re  b o th  
y e a r s  have been  com bined in  F ig u re  2 .3 , w hich  shows th e  c u m u la tiv e  
percen tage  o f b ird s  th a t  had d ep arted  through th e  sp rin g  perio d . I t  
i s  e v id en t from th e  graph th a t  th e re  was a  s tead y  a c c e le ra tio n  in  the  
r a t e  o f  d e p a r tu r e  th ro u g h  th e  s p r in g .  Only 5% o f  th e  b i r d s  had 
dep arted  by th e  end o f F ebruary , and a  fu r th e r  20% l e f t  th e  fo llow ing  
m onth. H ow ever, th e  r a t e  o f  m ig r a t io n  in c re a s e d  m ark ed ly  th ro u g h  
A p r i l ,  so  t h a t  50% o f  th e  p o p u la t io n  d e p a r te d  in  a  15 day p e r io d  in  
l a t e  A p r i l  to  e a r l y  May. O nly s t r a g g l e r s  w ere l e f t  a f t e r  May 1 0 th ; 
they  too  had dep arted  w ith in  a  week. Thus 90% o f  th e  po p u la tio n  l e f t  
in  th e  tw o m onth p e r io d  from  e a r l y  M arch to  e a r l y  May, w ith  th e  
m a jo rity  leav in g  a t  th e  end o f th a t  pe rio d .
The d e p a rtu re  d a te s  o f  th i r ty - n in e  b ird s  i s  known fo r both 1982 
and 1983, and F ig u re  2.4 show s t h a t  th e r e  i s  a good c o r r e l a t i o n  
b e tw een  th e  tw o; in d iv id u a l s  l e f t  th e  s tu d y  a r e a  on much th e  same 
d a te  in  both  y ears . T his r e s u l t  could have been produced sp u rio u s ly , 
i f  my c e n s u s in g  had been  b ia s e d  so  t h a t  c e r t a i n  a r e a s  w ere u n d e r­
searched tow ards th e  end o f  bo th  seasons. The e s t im a te s  o f d ep a rtu re  
d a te s  fo r  b ird s  in  such a re a s  would then  have been prem ature  in  both  
y e a r s ,  so p o s s ib ly  le a d in g  to  a c o r r e l a t i o n  in  d e p a r tu r e  d a te s  
between y e a rs . However, th a t  t h i s  i s  n o t th e  case  i s  dem onstrated  by 
s im ila r  c o r r e la t io n s  when o n ly  the  b ird s  in  one a re a  a re  considered  
(e.g. tak in g  on ly  b ird s  r e s id e n t  a t  S tevenston  (n = ll), c o r r e la t io n  in  
d e p a r tu r e  d a te s  b e tw een  y e a r s  r^  = 0 .763 , P < 0 .01; s i m i l a r l y  N o rth  
Beach r e s i d e n t s  r  = 0 .466 , P < 0 ,05 ). Thus i t  w ould  a p p ea r t h a t  
in d iv id u a l  a d u l t  tu r n s to n e  a r e  c o n s i s t e n t  in  t h e i r  t im in g  o f
i
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P ig .2,3. The t im in g  o f  s p r in g  m ig r a t io n  by a d u l t  tu r n s to n e s ,  
expressed  as  th e  p ercen tage  o f  re s id e n ts  known to  be s t i l l  p re se n t in  
th e  s tu d y  a r e a  a t  s u c c e s s iv e  f iv e  day i n t e r v a l s .  D a ta  com bined fo r  
1982 and 1983, n=116 b ird s .
PERCENTAGE OF BIRDS REMAINING
ro
F ig ,2.4. The d a te  on w hich  r e s i d e n t  a d u l t  tu r n s to n e s  w ere  l a s t  seen  
in  the  sp rin g  o f 1982 p lo t te d  a g a in s t  th e  d a te  o f th e i r  l a s t  s ig h tin g  
in  th e  sp rin g  o f 1983. L arger d o ts  and numbers in d ic a te  th a t  s e v e ra l 
p o in ts  a re  super imposed. The dashed l in e  shows th e  r e s u l t  t h a t  would 
be o b ta in e d  i f  b i r d s  w ere  l a s t  seen  on th e  same d a te  in  b o th  y e a r s .  
Rank c o r re la t io n  between y e a rs ; r^  = 0.744 (n=39), P<0.001.
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m ig r a t io n ,  w i th  some b i r d s  r e g u la r ly  le a v in g  t h e i r  m ain w in te r in g  
q u a r te r s  w e ll b e fo re  th e  main exodus. F u rther evidence on th i s  l a s t  
p o in t comes from th e  annual cy c le  o f movements of th e  e a r l i e s t  b ird  
known to  d e p a r t  (as  opposed  to  d ie )  in  a l l  t h r e e  s e a so n s . The 
'qp ring ' d e p a r tu re  d a te s  o f  t h i s  b ird  in  th e  th re e  y ea rs  o f th e  s tudy  
were 27 /1 /82 , 9 /11/82  and 14/2 /84 . This b ird 's  movements were c le a r ly  
u n u s u a l, a s  can  be see n  from  th e  f a c t  t h a t  in  1982/83 i t  l e f t  th e  
s tu d y  a re a  a p p ro x im a te ly  121 d ay s  b e fo re  th e  n e x t  c o lo u r - r in g e d  
m igran tI
Combining d a ta  fo r  th e  f i r s t  two y e a rs , seven o u t o f th e  e ig h t  
re s id e n t  ju v e n ile s  t h a t  were s t i l l  a l iv e  in  February were seen on or 
a f t e r  May 4 th  in  t h e i r  f i r s t  summer. T h e ir  d a te s  o f  l a s t  s ig h t in g  
w ere th u s  s i g n i f i c a n t l y  l a t e r  th a n  th o s e  o f  a d u l t s  fo r  th e  same 
combined y e a rs  (Mann W hitney, Ü = 6769, n^=114, n2=8, P < 0.01).
Although few er v i s i t s  were made to  the  s tu d y  s i t e  in  1984 than 
in  th e  p re v io u s  tw o y e a r s ,  w ith  th e  r e s u l t  t h a t  e s t im a te s  o f 
d e p a r tu r e  d a te s  w ere l e s s  a c c u r a te ,  i t  was e v id e n t  t h a t  m ig r a t io n  
occurred  e a r l i e r  th an  in  th e  p rev ious two y ea rs . F igure  2,5 shows the  
d e p a r tu r e  d a te s  in  1983 and 1984 fo r  th o s e  i n d iv id u a l s  p r e s e n t  in  
b o th  y e a r s .  D a te s  a r e  s i g n i f i c a n t l y  e a r l i e r  in  1984 th a n  in  1983 
(W ilcoxon p a i r e d  s ig n e d - ra n k s  t e s t ,  T = 37, P < 0 .0 0 1 ), w ith  o n ly
th r e e  o u t  o f  33 b i r d s  d e p a r t in g  l a t e r  in  1984 th a n  1983, and e ig h t a;
d ep artin g  a t  l e a s t  a  month e a r l i e r .  There was a  g e n e ra l tren d  fo r  a l l
-b i r d s  to  le a v e  e a r l i e r  and in  th e  same se q u e n c e , a s  shown by th e  
s ig n i f ic a n t  rank c o r r e la t io n  betw een a b i r d 's  d a te  o f  l a s t  s ig h tin g
in  1983 and 1984 (r^  ^ q.460, n = 32, P < 0.01) and 1982 and 1984 (r_
= 0 .559, n = 1 7 ,  P <  0 .02).
Changes in  p o p u la t io n  s i z e  and th e  p e rc e n ta g e  o f b i r d s
c o lo u r - r in g e d  a t  C o a l r u f f i e  a r e  shown in  F ig u re  2 .6 . The w in te r in g
.p o p u la t io n  s i z e  was v e ry  s t a b l e  (see  a l s o  F ig u re  2 .8 ) , and d id  n o t
32 V..:
P ig .2.5. The d a te s  o f  l a s t  s ig h t in g  o f  r e s i d e n t  a d u l t  tu r n s to n e s  in  
th e  sp rin g s  o f 1983 and 1984. For ex p lan a tio n  o f  symbols see  Fig.2.4. 
C o rre la tio n  between y e a rs ; r^  = 0.460 (n=32), P<0,01.
/\
# \ \
\
\
\
\
#  CM® #  CO0  #
\
\
\
\
\
O #  <N®9 \
10 to I F
.to
-to
.10 ÛC r -  CL<
to
00
CD.to<N
X
<
-CD
•Si X<
XsX
to
CO
COCD
s=JXX<
loCMXÜX<
F ig .2,6. The mean number (+ S.E ., w ith  sam ple  s iz e s )  o f  tu r n s to n e s  
p re se n t a t  C o a lru ff ie  over the  exposure p e rio d  during  th e  th re e  years  
o f  th e  s tu d y , and th e  p e rc e n ta g e  c o lo u r - r in g e d  from  1983 to  1984. 
Each year i s  d iv id ed  in to  f iv e  p e rio d s ;
1 = September to  February
2 = March to  15th A p ril
3 = 16th to  30th A p ril4 = 1 s t  to  9 th  May
5 = 10th to  20th May
C om parisons b e tw een  th e  number o f  tu r n s to n e s  p r e s e n t  in  w in te r
(period 1) and p e rio d s  2-5 in  each y e a r , by Mann-Whitney U t e s t ;
Year P eriod  2 P eriod  3 P eriod  4 P eriod  5
1981/82 U=72,NS Combined 3 & 4 -  U=53,NS U=63,P<0.05
1982/83 U=77,NS U=70, P<0.05 U=52,NS U=72,P<0.02
1983/84 U=299,NS U=18, P<0.05 U=256,P<0/01 U=207,P<0.05
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v a ry  b e tw een  y e a r s  ( th e re  b e in g  no s i g n i f i c a n t  d i f f e r e n c e s  (u sing  
Mann-Whitney Ü te s t s )  betw een y ears  in  counts made between September 
and A p r i l  1 5 th ) . In  th e  s p r in g s  o f  1982 and 1983 th e r e  was no 
s ig n i f ic a n t  decrease  from th e  s iz e  o f the  w in te rin g  p o p u la tio n  u n t i l  
mid-May (although th e re  were s ig n s  o f f lu c tu a t io n  by l a t e  A p ril) . The 
la c k  o f  change in  th e  p r o p o r t io n  o f  b i r d s  c o lo u r - r in g e d  in  s p r in g  
1983 d e m o n s tra te s  t h a t  t h e r e  was n e g l ig ib le  im m igration  o ccu rring  
during  th i s  p e rio d . This c o n tr a s ts  w ith  th e  s i tu a t io n  in  the  sp rin g  
o f  1984, when th e r e  was e v id e n c e  o f  a s l i g h t  (b u t n o t  s i g n i f i c a n t )  
d e c l in e  in  p o p u la t io n  s i z e  by e a r l y  A p r i l .  By l a t e  A p r i l  th e  
p o p u la t io n  was o n ly  a p p ro x im a te ly  a q u a r t e r  o f  t h a t  p r e s e n t  in  
w in te r; fu rth erm o re , th e  re d u c tio n  in  th e  p e rc e n ta g e  c o lo u r - r in g e d  
in d ic a te s  t i ia t  some o f th e se  were im m igrant b ird s  pass in g  through the  
a re a .
T h e re fo re  th e  c o u n ts  a t  C o a l r u f f i e  back  up s e v e r a l  o f  th e  
c o n c lu s io n s  re a c h e d  from  th e  a n a ly s i s  o f  th e  e s t im a te d  d a te s  o f  
d e p a rtu re  o f in d iv id u a l b ird s ;  a  n e g lig ib le  p ro p o r tio n  o f b ird s  had 
d e p a r te d  by th e  end o f  M arch, t h e r e a f t e r  th e  r a t e  o f  d e p a r tu re  
in c reased  m arkedly so th a t  ve ry  few b ird s  were l e f t  by mid May, and 
l a s t l y  th a t  m ig ra tio n  occurred  e a r l i e r  in  th e  sp rin g  o f 1984.
F ig u re  2.7 co m p ares  th e  ch an g es  in  th e  p r o p o r t io n  o f  b i r d s  
co lo u r-r in g ed  a t  C o a lru ff ie  w ith  changes over th e  same p erio d  in  the  
th r e e  o th e r  a r e a s  t h a t  i n i t i a l l y  h e ld  h ig h  p r o p o r t io n s  o f  m arked 
b i r d s .  No d a ta  a r e  a v a i l a b l e  fo r  N o rth  Beach in  s p r in g  1984, a s  th e  
a rea  was n o t s tu d ie d  a t  th a t  tim e. The r e s u l t s  fo r  th e  o th e r a re a s  in  
1983/84 a l l  show th a t  no sp rin g  im m igration  had occu rred  up u n t i l  mid 
A p r i l  (even in  t h i s  y e a r  o f  e a r l y  m ig r a t io n ) .  I t  can  th e r e f o r e  be 
assumed th a t  th e  p e rcen tag es  fo r  th e  March-mid A p ril  p e rio d  in  1983 
r e p r e s e n t  th e  h y p o th e t i c a l  v a lu e s  fo r  th e  s ta b le  w in te r  p o p u la tio n
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F ig ,2 .7 , The p e rc e n ta g e s  o f  b i r d s  c o lo u r- r in g e d  (w ith sample s izes) 
in  four s e p a ra te  reg io n s  o f th e  study a re a , from th e  sp rin g  fo llow ing  
th e  1982/83  w in te r  u n t i l  th e  end o f  th e  s tu d y  in  s p r in g  1984. Year 
d iv id e d  in to  f i v e  p e r io d s ,  a s  d e s c r ib e d  in  le g e n d  to  F ig .2.6. No 
percen tages a re  g iven  where th e  sample s iz e  was le s s  than  12 b ird s .
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( th e  t r u e  v a lu e s  n o t  b e in g  a v a i l a b l e ,  a s  b i r d s  w ere  s t i l l  b e in g  
co lo u r-r in g ed  up u n t i l  15 /2 /83). W hile no im m igration  was ev id en t a t  
C o a lru ff ie  in  1983, t h i s  was n o t t ru e  o f o th e r  a re a s . By mid May th e  
p ro p o rtio n  o f marked b ird s  had decreased  on N orth Beach and th e  North 
R o ck s/M cC rin d ies  a r e a s ,  and a l l  a r e a s  showed s i m i l a r  p a t t e r n s  in  
1984. T herefo re  th e re  was an o v e ra l l  tren d  fo r  im m igration  to  occur 
in  May in  both  y ears  (Wilcoxon ranked p a i r s  t e s t  comparing p e rio d s  2 
and 4 in  fo u r  a r e a s  one y e a r ,  th r e e  th e  n e x t ,  -  0, n = 7 , P < 
0.02), a lthough  i t s  e x te n t was n o t uniform  over th e  s tudy  area . 
S u rv iv a l R ates
T ab le  2.2 i l l u s t r a t e s  t h a t  o n ly  e ig h t  o u t  o f  75 r e s id e n t  a d u l t  
tu rn s to n e s  (and none o u t o f e ig h t  re s id e n t  ju v e n ile s )  d isappeared  in  
th e  p e rio d  from 1 s t  O ctober to  February 1 s t. Combining th i s  w ith  the  
over-summer su rv iv a l r a t e  (Table 2.2) g iv es  a  minimum a d u lt  su rv iv a l 
r a t e  o f  85.8%. The c o r r e c t  f i g u r e  may be even  h ig h e r ,  a s  i t  has  been  
assumed th a t  any b ird  t h a t  d id  n o t re tu rn  to  th e  s tudy  a rea  had d ied , 
and s e c t io n  2.2 h a s  shown t h a t  a s m a ll  m in o r i ty  o f  b i r d s  may a l t e r  
th e i r  w in te rin g  a re a s . The sam ple s iz e  fo r ju v e n ile s  was too sm all to  
c a lc u la te  a r e a l i s t i c  su rv iv a l e s tim a te  fo r  b ird s  in  th e i r  f i r s t  year 
o f  l i f e ,  b u t  th e  i n d i c a t i o n  i s  t h a t  th e  s u r v iv a l  r a t e  o f  r e s i d e n t  
ju v e n ile s  cannot be g r e a t ly  d i f f e r e n t  to  th a t  o f  a d u lts .
I f  s u r v iv a l  r a t e  i s  age in d e p e n d e n t, a s  i s  l i k e l y  to  be 
approx im ately  c o r re c t  in  b ird s  w ith  m oderately  long l i f e s p a n s , a  one 
year o ld  tu rn s to n e  has an average 1 i f  e-expectancy  o f  a fu r th e r  6,25 
y e a r s ,  and a  q u a r t e r  o f  th e  p o p u la t io n  w i l l  l i v e  f o r  a f u r th e r  n in e  
y ears . (The maximum recorded  l i f e s p a n  o f a  w ild  tu rn s to n e  i s  19 y ea rs  
9 months (Cranp & Simmons 1982).)
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Table 2.2 The w in te r  and summer s u rv iv a l r a te s  o f  re s id e n t  tu rn s to n e s
P eriod
Age I n i t i a l  No. a t  end o f p e rio d : 
C a te g o ry  No. A l iv e  D is a p p e a r e d
%
S u r v i v a l
W inter A dult 83 75 8 90.4%(Oct-Feb) Ju v en ile 8 8 0 (100.0%)
Summer A dult 40 38 2 95.0%
(Feb-Oct) Ju v en ile 2 2 0 (100.0%)
Com paring b e tw een  w in te r  and summer m o r t a l i t y ,  i t  i s  e v id e n t  
t h a t  th e  lo n g  d o u b le - m ig r a t io n  to  and from  th e  b re e d in g  g ro u n d s i s  
n o t a m ajor cause o f m o r ta l i ty ,  as  the  e n t i r e  8-month summer p e rio d  
(inc lud ing  both  m ig ra tions) accounts fo r on ly  one th i r d  o f th e  annual 
m o r ta l i ty .
P opu la tion  E stim ates
E s t im a te s  o f  th e  p r o p o r t io n  o f  c o lo u r - r in g e d  r e s i d e n t s ,  th e  
t o t a l  number o f  r e s id e n ts  and th e  t o t a l  number o f b ird s  in  each a rea  
a r e  g iv e n  in  T ab le  2 .3 , Some in d i c a t io n  o f  th e  r e l i a b i l i t y  o f  th e  
e s t i m a te s  i s  g iv e n  by th e  num ber o f  b i r d s  se e n  a t  C o a l r u f f ie  and 
South Rocks over th e  same p e rio d . These were th e  on ly  a reas  th a t  were 
sm all enough and o f th e  r i g h t  topography to  a llow  com plete censusses 
to  be made w ith  reasonab le  accuracy  a t  most t i d a l  le v e ls .  The average
:/înumber o f  b ird s  p re s e n t in  coun ts  made between O ctober and February f
was 21,0 + 1.5 (n=18) a t  C o a l r u f f i e ,  and 12,6 + 2.2 (n=9) a t  S ou th  
Rocks, means which a re  84.0% and 94.7% re s p e c tiv e ly  o f the  e s tim ated  
p o p u la tio n  s iz e s  based on th e  number o f marked re s id e n ts  u t i l i z in g  
the  a rea . The s l ig h t  d iscrep an cy  may a r i s e  p a r t ly  from  average counts 
h av in g  a te n d e n c y  to w a rd s  u n d e r e s t im a t io n  (th ro u g h  my f a i l i n g  to  
lo c a t e  a l l  th e  b i r d s  a l l  th e  t im e ) ,  and p a r t l y  from  th e  a ssu m p tio n  
th a t  a l l  re s id e n ts  sp en t a l l  t h e i r  tim e w itliin  th e  s tudy  a re a  being 
n o t e n t i r e ly  c o r re c t  (so le a d in g  to  o v e r-e s tim a tio n  o f  th e  number o f
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r e s i d e n t  b i r d s  n o rm a lly  p r e s e n t ) ,  A b e t t e r  f ig u r e  fo r  th e  t o t a l  
p o p u la t io n  s i z e  may th e r e f o r e  be s l i g h t l y  l e s s  th a n  t h a t  g iv e n  in  
column four o f  T ab le  2.3.
T able 2,3. E s tim a tio n s  o f  th e  number o f  re s id e n ts ,  th e  p ro p o rtio n s  o f 
tu r n s to n e s  t h a t  w ere  r in g e d ,  and th e  t o t a l  num ber o f  tu r n s to n e s  
p re s e n t in  each p a r t  o f  th e  s tu d y  a re a  in  th e  w in te r  o f  1983/84
Area (1) (2) (3) (4)
N orth Beach 21.1 30.0% 70.4 86.3
M cCrindles/N orth Rocks 8 .2 26.7% 30.7 33.6
South Rocks 2.5 19.6% 12,6 13.3
S a ltc o a ts 3 .0 10.2% 29.3 29.3
C o a lru ff ie 9 .4 42.3% 22.1 25.0
S tevenston 14.9 43.1% 34.5 44.3
T o ta l 59 199.6 232.2
N o tes: (1) The a v e ra g e  num ber o f  r in g e d  r e s i d e n t s  p r e s e n t  in  th e
a rea
(2) The p e rcen tag e  o f  b ird s  co lo u r-r in g ed
(3) The e s tim ated  average number o f  re s id e n ts  (ringed + 
unringed)
(4) The e s tim a te d  average number o f  r e s id e n ts  + v i s i t a n t s
2 .3 .3  D iscussion
The r a te s  o f re s ig h tin g  o f  tu rn s to n e s  a f t e r  cap tu re  were very  
h igh , w ith  th e  m a jo rity  o f  th e  b ird s  seen re g u la r ly  in  th e  study a re a  
in  th e  y e a r  o f  c a p tu r e  and in  s u b se q u e n t y e a r s .  T here  i s  good 
e v id e n c e  t h a t  such  s p e c i f i c  s i t e - f i d e l i t y  i s  g e n e r a l ly  m a in ta in e d
'
th ro u g h o u t a b i r d 's  l i f e .  One h u ndred  and s ix t e e n  b i r d s  w ere c a u g h t
'and (metal) ringed  w h ile  ro o s tin g  a t  M cCrindies in  September 1979; 13
■
o f  th e s e  b i r d s  w ere s u b s e q u e n t ly  re  caught and co lo u r-r in g ed  during
.
t h i s  s tu d y . Of th e  te n  c l a s s i f i e d  a s  r e s i d e n t s ,  e i g h t  w ere s t i l l  
p r e s e n t  in  th e  s tu d y  a r e a  a t  th e  end o f  th e  p r o j e c t ,  when th e y  w ere
a t  l e a s t  5.5 y e a r s  o ld , A f u r t h e r  th r e e  b i r d s  from  th e  1979 c a tc h  
have been  found d e ad , a l l  in  th e  v i c i n i t y  o f  A rd ro ssa n . A s i m i l a r  
e x te n t  o f  s i t e - f a i t h f u l n e s s  was re c o rd e d  by B re a re y  (1982) in  a 
m arked p o p u la t io n  on th e  T ees  e s tu a r y ,  N.E. E ng land . T u rn s to n e s  a re  
f a i t h f u l  to  ro o s tin g  s i t e s  a s  w e ll a s  feed ing  a re a s . In  a long -term
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r in g in g  program m e o£ th e  w ad ers  o f  th e  Wash, in  e a s te r n  E n g lan d , 
B ranson  e t  a l .  (1978) found  t h a t  o v er 92% o f  r e  tra p p e d  tu r n s to n e s  
were caught a t  th e  same ro o s t  a t  which they  had been ringed .
H owever, b o th  th e  p r e s e n t  s tu d y  and t h a t  o f  B re a re y  (1982) 
found v a r i a b i l i t y  in  th e  frequency w ith  which in d iv id u a l b ird s  were 
seen ; b o th  have a l s o  re c o rd e d  in s ta n c e s  o f  b i r d s  a p p a r e n t ly  b e in g  
a b s e n t  from  t h e i r  p r e v io u s  home ra n g e s  fo r  a c o m p le te  y e a r ( a ls o  
documented in  th e  g rey  p lo v er P lu v ia l  i s  sg u a te ro la  (Townshend 1982)). 
The v a r i a b i l i t y  in  re s ig h tin g  r a te s  in  th i s  s tudy  i s  probably  la rg e ly  
cau sed  by in e v i t a b l e  la c k  o f  c o m p le te  o v e r la p  b e tw een  th e  a r e a  
s e a rc h e d  fo r  c o lo u r - r in g e d  b i r d s  and th e  home ra n g e s  o f  a l l  b i r d s
■I I
marked during  th e  study. S iz e a b le  p o p u la t io n s  o f  tu r n s to n e s  w in te r
w i th in  10km o f  th e  n o r th e r n  and s o u th e rn  l i m i t s  o f  th e  s tu d y  a r e a ,
and movement between th e se  p o p u la tio n s  was dem onstrated  by th e  four
s ig h t in g s  o f  c o lo u r - r in g e d  b i r d s  o u ts id e  th e  a r e a .  In  common w ith
many w aders, tu rn s to n e s  o f te n  f ly  s e v e ra l k ilo m e tre s  to  a s a fe  ro o s t
s i t e .  The m a jo r r o o s t in g  s i t e  in  th e  a re a  was H orse I s l a n d ,  w hich
l i e s  j u s t  o ffsh o re  from N orth Beach (Figure 1.1). T his ro o s t probab ly
c o n ta in e d  tu r n s to n e s  t h a t  n o rm a lly  fo rag ed  o u ts id e  th e  s tudy  a re a ,
and so i t  i s  l i k e l y  t h a t  su ch  b i r d s  w ould so m etim es  be c a u g h t (and
.l a t e r  seen) w hile  moving to  and from th e  ro o s t.
While th e  evidence su g g ests  th a t  most ( i f  n o t a l l )  tu rn s to n e s  
c a te g o rise d  a s  v i s i t a n t s  were b ird s  w ith  fo rag in g  home ranges ly in g  
o u ts id e  th e  s tudy  a re a , th e  p o s s ib i l i ty  rem ains t h a t  some were more i
nomadic, u t i l i z in g  th e  s tu d y  a re a  a s  on ly  p a r t  o f a much la rg e r  home 
ran g e . T h is  s i t u a t i o n  h a s  been  found to  e x i s t  in  th e  s a n d e r l in g  
C a l id r is  a lb a ; some in d iv id u a ls  w in te r on one s h o r t  s t r e tc h  o f sandy 
beach, w h ile  o th e rs  may range over 30km o f c o a s t l in e  or more (Myers 
1984, Evans 1981). T h is  ra n g in g  b e h a v io u r  e n a b le s  them  to  ta k e
.
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ad v an ta g e  o f  e p h e m e ra l s u p e r -a b u n d a n t  food reso u rces . Myers (1984) 
d e s c r ib e s  one o c c a s io n  w here  h ig h  d e n s i t i e s  o f  am phipods became 
a v a ila b le  to  th e  b ird s  when a b rack ish  lagoon in  c o a s ta l  C a lifo rn ia
san d erlin g  may on ly  be ap p aren t in  bad w eather, a s  sandy beaches a re
suddenly opened to  th e  sea . T h ir te e n  hundred san d e rlin g s  were feed ing  
a t  th e  s i t e  w i th in  fo u r  d a y s , in c lu d in g  37 m arked b i r d s  n o rm a lly  
r e s id e n t  a t  Bodega Bay, 23km away. S everal o f th e se  then  proceeded to  
move re p e a te d ly  between th e  two s i t e s .
However, th e  r e a l  s e le c t iv e  advantage o f such v a g i l i ty  in  th e
l i a b l e  to  s u f f e r  s c o u r in g  and e r o s io n  from  e x c e s s iv e  wave a c t io n .
W inter sto rm s may th e re fo re  cause sudden red u c tio n s  in  in v e r te b ra te  
p o p u la tio n s  (Brown 1982), le ad in g  to  lo c a l  and u n p red ic tab le  c rash es
■■ i,
in  food supply  (Evans 1981, Myers 1984). S im ila r  lo c a l  c a ta s tro p h e s  
may o c c a s io n a l ly  o c cu r on e s t u a r i n e  m u d f la ts  (Yeo & R isk  1979, 
R ad c liffe  e t  a l .  1981). B ird s  w ith  knowledge o f  food su p p lie s  over a  
wide a rea  may then  have a s e le c t iv e  advantage, as they  w i l l  be ab le  
to  s w i tc h  to  a l t e r n a t i v e  fe e d in g  lo c a t io n s  more r a p id ly  and 
e f f i c i e n t ly  than  th o se  w ith  o n ly  lo c a l  experience. Thus th e re  may be 
long-term  b e n e f i ts  in  ad op ting  a  s t r a te g y  th a t  over a  sh o rte r  p e rio d  
i s  sub -op tim al (due to  th e  c o s ts  o f sam pling and movement).
T h is  s i t u a t i o n  i s  u n l i k e l y  to  a r i s e  in  tu r n s to n e s ,  a s  ro ck y
■' ;•s h o re s  a r e  f a r  l e s s  l i k e l y  to  s u f f e r  sudden  e ro s io n  by in c le m e n t
w e a th e r . W hile  wave a c t i o n  may rem ove some i n v e r t e b r a t e s  su ch  a s  
m ussels, m ajor damage to  m usselbeds i s  in freq u e n t in  a l l  txit th e  most
exposed l o c a l i t i e s  (Paine & Levin 1981), and most p rey  sp ec ie s  (e.g.
i
Ib a rn ac le s  and l i t t o r i n i d s ) ,  being f irm ly  a tta ch e d  to  the  s u b s tr a te ,  
a re  adapted to  w ith s tan d  such f o r c e s .  The i n v e r t e b r a t e  co m m u n itie s  
upon w hich  ro ck y  s h o re  w a d ers  fe e d  a re  th e r e f o r e  l e s s  f r a g i l e  and
have g re a te r  tem poral s t a b i l i t y  (and hence  p r e d i c t a b i l i t y )  th a n  do 
those  o f m udfla ts  or sandy sh o res.
3 8 .___________________ ..........................................
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A second  e f f e c t  o f  w e a th e r  on th e  ' s o f t  s u b s t r a t e '  w ader 
s p e c ie s  i s  t h a t  low te m p e r a tu r e s  may red u ce  p re y  a v a i l a b i l i t y ,  by 
c a u s in g  b o th  p re y  to  bu rro w  d e e p e r  (and so  o u t  o f  th e  ran g e  o f  th e  
b ird s )  and th e  s u b s t r a t e  to  f r e e z e  (Evans 1976, G o ss -C u s ta rd  1980,
IRat c l i f f  e e t  a l ,  1981). U n u su a lly  c o ld  w in te r s  may a l s o  cau se  heavy  
p re y  m o r t a l i t y .  C r is p  (1964) r e p o r te d  t h a t  th e  w in te r  o f 1962/63
much e f f e c t  on o th e r  s p e c ie s .  T h is  may p a r t l y  e x p la in  t h e i r  more 
n o r th e r ly  non-breeding  d i s t r ib u t io n  than  any o th e r w estern  P a le a r c t ic
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Icaused th e  d ea th  o f e n t i r e  p o p u la tio n s  o f th e  m olluscs S c ro b ic u la r ia  p lana  and C erastoderm a e d u le , im p o rtan t c o n s t i tu e n ts  o f th e  d i e t  o f | |  
o y s te rc a tc h e rs , cu rlew s and knots C a l id r is  canu ta  in  many a re a s . Thus
_   ^ —  I
c o ld  te m p e ra tu re s  n o t  o n ly  in c r e a s e  th e  en e rg y  r e q u ire m e n ts  o f
Îw aders, b u t may a ls o  reduce th e i r  fo rag ing  e f f ic ie n c y , e s p e c ia l ly  i f
co in c id in g  w ith  s tro n g  winds (Dugan e t  a l .  1981), T herefore i t  comes
■Ia s  no s u rp r is e  to  f in d  th a t  e s tu a r in e  and sandy shore sp ec ie s  such as 
s a n d e r l in g ,  k n o t, d u n l in  C a l i d r i s  a l p i n a , red sh an k  and c u r le w  have 
been found to  have f a r  h igher m o r ta l i ty  r a te s  in  severe  w in te rs  than  
in  a v e rag e  c o n d i t io n s  ( P i lc h e r  e t  a l .  1974, Evans 1981, C la rk  1982, 
D avidson 1982). In  s o f t  s u b s t r a t e  w aders  o v e r w in te r in g  on th e  Tees
.
e s tu a r y ,  o v e r o n e - h a l f  th e  n o n -b re e d in g  m o r t a l i t y  in  a f i v e  y e a r  
p e r io d  (e x c lu d in g  d e a th s  th ro u g h  s h o o tin g  and o th e r  u n n a tu r a l  
c au se s)  o c c u r re d  in  j u s t  fo u r  m onths o f  s e v e re  w e a th e r (D avidson I
1982). IIn  c o n tra s t ,  rocky shore  w aders such a s  tu rn s to n e s  and
p u rp le  s a n d p ip e r s  a r e  l e s s  a f f e c t e d  by s e v e re  w e a th e r , a s  many o f  
t h e i r  p re y  ty p e s  (e .g . B a lan u s  b a la n o id e s , L i t t o r i n a  sp p ,, M y ti lu s
'i
« 
.e d u l i s )  a r e  s e s s i l e  and a l s o  r e l a t i v e l y  u n a f f e c te d  by c o ld  w in te r s I(C risp  1964), Evans (1981) found  t h a t  tu r n s to n e  s u r v iv a l  r a t e s  a t  
T eesm outh w ere l i t t l e  red u ced  in  th e  same c o ld  w in te r s  t h a t  had  so
sh o reb ird s  (Cramp & Simmons 1982),
The e s t i m a te s  fo r  a d u l t  tu r n s to n e  s u r v iv a l  r a t e s  o b ta in e d  in  
th i s  s tudy  a re  s im ila r  to  (or h igher than) th o se  o b ta ined  e lsew here. 
The most com parable f ig u re  i s  th a t  ob ta ined  by Evans & Pienkowski (in  
p ress) fo r re tu rn  r a te s  (autumn to  autumn) o f  b ird s  co lo u r-r in g ed  on 
th e  Tees. The a d u l t  annual s u rv iv a l r a te  averaged over s ix  y ea rs  was 
85%, rem arkably s im i la r  to  th e  value  o f 85.8% o b ta ined  in  th i s  study. 
On th e  b a s i s  o f  tw o l a r g e  c a tc h e s  o f  a d i s c r e t e  p o p u la t io n  in  N orth  
W ales made in  March and th e  fo l lo w in g  Novem ber, S u th e r la n d  (1981) 
e s tim a te d  s u rv iv a l over t h i s  summer p e rio d  to  be 92.2%, a  f ig u re  th a t  
t a l l i e s  w e ll w ith  th e  e s tim a te  o f  95% su rv iv a l fo r  a d u l ts  ob ta ined  in  
th e  p re se n t s tudy  over approx im ate ly  the  same p e rio d . A ll e s tim a te s  
o f  s u r v iv a l  b a sed  on r e t u r n  r a t e s  w i l l  have a  ten d en c y  to w a rd s  
u n d e r e s t im a t io n ,  a s  th e y  assum e t h a t  a l l  b i r d s  s t i l l  a l i v e  w i l l  
r e tu r n  to  t h e i r  p r e v io u s  home ra n g e s . T h e re fo re  s u r v iv a l  r a t e s  in  
tu rn s to n e s  may be s l i g h t l y  h igher than  th e  e s tim a te s  g iven h e re , as 
b o th  t h i s  s tu d y  and t h a t  o f  B re a re y  (1982) have  shown t h a t  a  s m a l l  
m in o r i ty  o f  b i r d s  change t h e i r  w in te r in g  q u a r te r s  between seasons. 
However, t h e r e  seem s to  be a t  l e a s t  a s  g r e a t  a  f i d e l i t y  to  th e  
w in te r in g  a r e a  a s  to  th e  b re e d in g  a r e a ,  s in c e  Bergman (1946) 
e s tim a te d  annual s u rv iv a l to  be 77.8% on th e  b a s is  o f  re tu rn  r a te s  to  
F in n ish  breeding  s i t e s .  A ll th e se  e s tim a te s  from an a ly ses  o f re tu rn  
r a te s  to  s tudy  p o p u la tio n s  a re  h ig h er than  th a t  o f 66% a d u lt  annual 
su rv iv a l o b ta in ed  by Boyd (1962) from rin g in g  re c o v e rie s . This may be 
p a r t ly  because he used d a ta  fo r  a l l  b ird s  rin g ed  up u n t i l  1954; some 
b i r d s  u n d o u b te d ly  w ould s t i l l  have been  a l i v e  a t  th e  t im e  o f  h i s  
a n a l y s i s ,  w hich w ould le a d  to  u n d e r e s t im a t io n  o f  lo n g e v i ty .  B oyd's 
(1962) e s t i m a te s  f o r  s u r v iv a l  r a t e s  have a l s o  been  found to  be to o  
low fo r many o th e r sh o re b ird s  (Hale 1980).
The very  low oversummer m o r ta l i ty  dem o n stra tes  th a t ,  co n tra ry
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'w h ile  i t  i s  a p p a r e n t  (from  w i th in - s p e c i e s  co m p ariso n s) t h a t  
d i f f e r e n t  te c h n iq u e s  o f  m e asu rin g  m o r t a l i t y  p ro d u ce  d i f f e r e n t  
e s t i m a t e s ,  s u f f i c i e n t  o th e r  s tu d i e s  have used  th e  m ethod o f
to  e x p e c ta t io n s ,  a  d o u b le  m ig r a t io n  o f s e v e ra l thousand k ilo m e tre s  
to g e th e r  w ith  th e  h a z a rd s  o f  an a r c t i c  b re e d in g  a t te m p t  do n o t 
c o n s itu te  th e  m ajor causes o f tu rn s to n e  m o r ta l i ty .  The m o r ta li ty  r a te  
p e r m onth o v e r t h i s  p e r io d  o f  m ig r a t io n  and b re e d in g  i s  l e s s  th a n
h a lf  th a t  du ring  th e  (sedentary) w in te r , even using  th e  lower summer 
su rv iv a l r a te s  ob ta in ed  by S u therland  (1981). Evans & Pienkowski (in
;
p ress) a ls o  found th a t  th e  m a jo r ity  o f d ea th s  occurred  a t  Teesmouth
in  th e  w in te r , r a th e r  than  over th e  summer.
m o n ito r in g  r e t u r n  r a t e s  o f  m a rk e d  b i r d s  t o  a l lo w  t e n t a t i v e  
i n t e r s p e c i f i c  c o m p a r iso n s . The work o f  Evans and c o -w o rk e rs  i s  
e s p e c i a l l y  u s e f u l  in  t h i s  c o n te x t ,  a s  s u r v iv a l  r a t e s  have been  
ob ta ined  fo r  s e v e ra l sp e c ie s  w in te rin g  in  th e  same a rea . The average
annual m o r ta l i ty  o f  a d u l t  tu rn s to n e s  on th e  Tees i s  lower than  th a t
o f sa n d e rlin g s  (17%), and cu rlew s (23%), and s im ila r  to  th a t  o f grey 
p lo v e r s  (14%) (Evans & P ien k o w sk i in  p r e s s ) ;  th e  d i f f e r e n c e s  a r e  
m a in ly  c au sed  by th e  much h ig h e r  m o r t a l i t y  o f  th e  o th e r  s p e c ie s  in  
c o ld  w in te r s .  For in s ta n c e ,  th e  p e rc e n ta g e  o f  g re y  p lo v e r  an n u a l 
m o r t a l i t y  t h a t  o c c u r re d  in  th e  w in te r  v a r ie d  b e tw een  0 and 64%, 
lead in g  to  much g re a te r  y e a r - to - y e a r  v a r i a t i o n  in  s u r v iv a l  th a n  in  
tu r n s to n e s .  O th e r s t u d i e s  have e s t im a te d  th e  a n n u a l m o r t a l i t y  o f
a d u lt  ringed  p lo v e rs  C haradrius h ia t ic u la ,  d u n lin s  and redshanks to
be b e tw een  25 and 30%, and th e  o y s te r  c a tc h e r  i s  th e  o n ly  w e s te rn  
p a l e a r c t i c  s p e c i e s  o f  w a d e r  t h a t  h a s  b e e n  fo u n d  to  h a v e  a 
s u b s ta n t ia l ly  g re a te r  lo n g e v ity  than  th e  tu rn s to n e , w ith  re tu rn  r a te s
.to  th e  Exe e s tu a r y  a v e ra g in g  89% (G o ss-C u sta rd  e t  a l .  1982a). F i r s t  
year o y s te rc a tc h e rs  had a h ig h er m o r ta l i ty  than  a d u lts ,  and were most
I
41
l ik e ly  to  d isap p ea r in  th e  autumn, whereas im m atures d id  so l a t e r  in  
th e  w in te r .  M ost a d u l t s  d ie d  e i t h e r  in  th e  b re e d in g  a re a s  o r on 
m ig r a t io n ,  w ith  a maximum o f  o n ly  3.2% d y in g  p e r  y e a r  on th e  Exe
i(Goss-Custard & D u re ll 1984). T his low w in te r m o r ta l i ty  may be p a r t ly  
due to  th e  Exe e x p e r ie n c in g  m ild e r  w in te r s  th a n  m ost a r e a s  o f  
B r i ta in .
A g r e a t e r  p r o p o r t io n  o f  ju v e n i l e  tu rn s to n e s  d isappeared  from fth e  A rdrossan a re a  soon a f t e r  r in g in g  than  d id  a d u lts . This im p lie s
3’
t h a t  e i t h e r  th e y  s u f f e r  in c r e a s e d  m o r t a l i t y ,  o r t h a t  th e y  may p a s s  
through a p e rio d  o f v a g i l i t y  b e fo re  adopting  th e  non-breeding range 
th a t  i s  then  u s u a lly  m ain ta ined  fo r  the  r e s t  o f  th e i r  l i f e .  A s im ila r ..3i:
te n d en c y  f o r  j u v e n i l e s  to  h ave  a h ig h e r  d is a p p e a ra n c e  r a t e  th a n  
a d u l t s  h as  been  found  on th e  T e e s , w here o v er a  g iv e n  p e r io d  th e Ia n n u a l r e tu r n  r a t e  w as 90% f o r  a d u l t s ,  b u t  o n ly  77% fo r  j u v e n i l e s  33 
(though th e  j u v e n i l e  sam p le  s i z e  was s m a ll)  (Evans & P ien k o w sk i in  
p r e s s ) .  T e n ta t iv e  s u p p o r t  f o r  th e  h y p o th e s is  o f  in c re a s e d  ju v e n i l e  
m o b i l i ty  comes from  th e  s t u d i e s  o f  th e  p o p u la t io n  on th e  Wash. 
B ranson  ^  a l .  (1978) fo und  t h a t  th e  p e rc e n ta g e  o f  j u v e n i l e s  in  
sam p les  o f  th e  p o p u la t io n  o b ta in e d  in  c a n n o n -n e t c a tc h e s  a t  h ig h
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■Iw a te r  r o o s t s  d ro p s  in  m o st y e a r s  to  n e a r  z e ro  in  m id w in te r , b e fo re
in c reas in g  in  th e  sp rin g .
There a re  reasons fo r  expec ting  d if fe re n c e s  between ju v e n ile s  
and a d u l t s  in  b o th  m ovem ent p a t t e r n s  and s u r v iv a l  r a t e s .  G roves 
(1978) found t h a t  j u v e n i l e  tu r n s to n e s  a t  a s ta g in g  p o s t  on t h e i r  
f i r s t  autumn m ig ra tio n  had low er fo rag in g  r a te s  th an  a d u lts ,  and were 
f r e q u e n t ly  in v o lv e d  in  a g g r e s s iv e  encoun ters  w ith  a d u lts , in  which 
th e y  w ere c o n s i s t e n t l y  th e  l o s e r s .  She a t t r i b u t e d  th e  d i f f e r e n c e s  
m o s tly  to  j u v e n i l e  in e x p e r ie n c e ,  b o th  in  fo r a g in g  and in  th e  
in te rp re ta t io n  o f s ig n a ls  from  c o n sp e c if ic s  th a t  would have reduced 
th e  l ik e l ih o o d  o f  t h e i r  b e in g  a t ta c k e d .  A g e - r e la te d  d i f f e r e n c e s  in
fo rag ing  behaviour have been documented in  o th e r sp ec ie s  (e.g. Burger 
1980, G o ss -C u s ta rd  & D u r e l l  1983, G re ig  e t  a l .  1983); in  a l l  c a s e s
This d isadvan tage  w i l l  le ad  to  th e i r  being more a ffe c te d  by an
tu rn s to n e s  p re se n t a t  ro o s ts  on th e  Tees was low er than  th a t  in  the
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j u v e n i l e s  on a v e ra g e  a p p ea r to  be l e s s  e f f i c i e n t  and hence a t  a
■
p o ss ib le  s e le c t iv e  d isadvan tage  compared to  a d u lts .
Ïig-
Iin c r e a s e  in  s e l e c t i o n  p r e s s u r e .  I f ,  fo r  in s ta n c e ,  c o n d i t io n s  3
d e t e r i o r a t e  so  t h a t  b i r d s  f in d  i t  in c r e a s in g ly  d i f f i c u l t  to  m eet
ith e i r  d a i ly  energy req u irem en ts  (due, perhaps, to  a decrease  in  food 
a v a i l a b l i l i t y  or an in c re a se  in  req u ired  in ta k e ), ju v e n ile s  w i l l  tend
to  be a f f e c t e d  b e fo re  a d u l t s .  They w i l l  t h e r e f o r e  be th e  f i r s t  to  |
ef a l l  to  the  th re sh o ld  below which b ird s  w i l l  s ta rv e  i f  they rem ain in
th e  same lo c a t io n ;  th e y  may th e r e f o r e  move in  th e  hope o f  f in d in g  3
"3'3b e t t e r  c o n d i t io n s  e ls e w h e re .  T h is  may e x p la in  th e  movement o f  
ju v e n i l e s  away from  th e  Wash in  m id -w in te r  ( th e  tim e  o f  g r e a t e s t  #
energy demand and s h o r te s t  d a y lig h t fo rag ing  p e rio d ). There i s  some 
evidence o f b e tw een -estuary  movements a t  th e  o n se t o f  hard w eather in  | |
o th e r sp ec ie s  (Clark 1982, Townshend 1982).
I t  i s  p o s s ib le  t h a t  th e  a b se n c e  o f  j u v e n i l e s  from  h ig h  t i d e
r o o s t s  a t  th e  Wash i s  due n o t  to  t h e i r  h av in g  moved away, b u t to
■'3t h e i r  g r e a t e r  ten d en c y  to  c a r r y  on fo r a g in g  o v e r th e  h ig h  w a te r  >
p e r io d .  B re a re y  (1982) found  t h a t  th e  p ro p o r t io n  o f ju v e n i le
p o p u la t io n  a s  a w h o le , and s t u d i e s  on o th e r  w aders  have shown t h a t
Mb ird s  w i l l  extend th e i r  tim e  sp en t fo rag ing  in to  th e  h igh  t id e  p e rio d i-f-
in  p e rio d s  o f in creased  s t r e s s  (Heppleston 1971, G oss-Custard ^  a l .
-1977). G o ss -C u s ta rd  & D u r e l l  (1983) w ere a b le  to  l in k  th e  g r e a te r
tendency fo r  ju v e n ile  o y s te rc a tc h e rs  on th e  Exe e s tu a ry  to  feed over f
Si-high t id e  to  th e i r  i n a b i l i t y  (through inexperience  or com petition) to
.#feed on th e  p re fe r re d  d i e t  o f a d u lts .  That t h i s  h igh  t id e  feeding  may
i
be c r u c i a l  to  th e  s u r v i v a l  o f  th e  b i r d s  was d e m o n s tra te d  by 
H e p p le s to n  (1971), s tu d y in g  o y s t e r c a t c h e r s  on th e  Yth a n  e s tu a r y  
(N .E .S co tland). He found  t h a t  a  p e r io d  o f  th r e e  w eeks o f snow c o v e r , 
w hich p re v e n te d  b i r d s  from  fe e d in g  in  th e  f i e l d s  a t  h ig h  w a te r ,  
c au sed  th e  d e a th  o f  a t  l e a s t  25% o f  th e  p o p u la t io n ,  w ith  ju v e n i l e s  
making a d isp ro p o rtio n a te  c o n tr ib u tio n  to  th e  m o rta lity .
However, in  th e  tu rn s to n e  th e se  may on ly  be g en e ra l tre n d s , and 
i t  i s  e v id e n t  t h a t  many j u v e n i l e s  become e s t a b l i s h e d  in  th e  s t a b l e  
w in te r in g  p o p u la t io n .  Those j u v e n i l e s  t h a t  w ere c l a s s i f i e d  a s  
r e s i d e n t s  ap p ea re d  to  have  s i m i l a r  s i z e s  o f  home ran g e  (C hap ter 3) 
and s i m i l a r  r e t u r n  r a t e s  a s  r e s i d e n t  a d u l t s ,  and th e y  w ere n o t  
n o tic e ab ly  su b o rd in a te  to  a d u l t s  in  a g g re s s iv e  e n c o u n te rs  (C hap ter 
4). I t  i s  p o s s ib le  t h a t  in  many in d iv id u a l s  th e  le a r n in g  p ro c e s s  i s  
rap id  so th a t  th e  in e f f ic ie n c ie s  recorded  in  e a r ly  autumn by Groves 
(1978) a r e  no lo n g e r  a p p a r e n t  by th e  tim e  th e  ju v e n i l e s  a re  a few 
m o n th s  o l d e r .  T he p r o c e s s  a p p e a r s  to  be m ore  p r o lo n g e d  in  
o y s te r c a tc h e r s ;  th e  p e r io d  o f  s p e c i a l i s a t i o n  o f  d i e t  and fo r a g in g  
behaviour may l a s t  fou r y e a rs  (Goss-Custard & D u re ll 1983), which may 
a c c o u n t f o r  th e  g r e a t e r  d e la y  in  s e x u a l m a tu r i ty  in  t h i s  s p e c ie s  
( b ir d s  f i r s t  b re e d in g  a f t e r  fo u r  y e a r s ,  a s  opposed  to  two in  th e  
tu rn s to n e ) .
As fie ld w o rk  d id  n o t commence each season u n t i l  a f te r  th e  m ajor 
in f lu x  o f  r e tu r n  m ig r a n ts  (w hich o c c u rs  in  l a t e  J u ly  and A ugust 
(Evans 1966, M arshall 1981)), no d a ta  were c o lle c te d  on th e  tim ing  of 
a r r iv a l  o f  in d iv id u a l b ird s . However sp rin g  m ig ra tio n  was s tu d ie d  in  
d e t a i l ;  th e  r e s u l t s  d e m o n s tra te  t h a t  w h ile  th e  m a jo r i ty  o f  b i r d s  
d e p a r t w ith in  a  s h o r t  p e r io d  in  l a t e  sp rin g , some b ird s  c o n s is te n tly  
le a v e  up to  th r e e  m onths e a r l i e r .  R in g in g  r e c o v e r i e s  from  b i r d s  
marked on th e  Wash in  w in te r  have shown th a t  some b ird s  move w est and 
n o r th w a rd s  in  B r i t a i n  in  th e  e a r l y  s p r in g  (B ranson e t  a l .  1978).
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s i m i l a r l y  a  b i r d  c o lo u r - r in g e d  on th e  T ees and p r e s e n t  th e r e  u n t i l  
March had moved to  th e  w est c o a s t  by e a r ly  A p ril. I t  seems u n lik e ly  
t h a t  th e s e  e a r l y  'm ig r a n t s ’ a c t u a l l y  d e p a r t  from  B r i t a i n  u n t i l  th e  
m ain exodus in  l a t e  s p r in g ,  a s  th e r e  i s  no e v id e n c e  from  c a p tu r e s  
made in  th e  sp rin g  in  v a rio u s  p a r t s  o f B r i ta in  th a t  any b ird s  p u t on 
th e  f a t  r e s e r v e s  n e c e s s a ry  f o r  th e  1000km f l i g h t  to  I c e la n d  (th e  
f i r s t  s tag e  in  th e  m ig ration ) u n t i l  l a t e  A p ril (Branson e t  a l .  1979, 
Clapham 1979, Perns 1981). I t  would th e re fo re  appear th a t  some b ird s  
may in c lu d e  an e x t r a  s ta g e  in  t h e i r  a n n u a l c y c le  o f  m ovem ents, in  
t h a t  th e y  move in  e a r l y  s p r in g  to  a r e a s  f u r t h e r  n o r th  o r w e s t , in  
which they  p u t on th e  f a t  re se rv e s  req u ired  fo r th e  m ig ra tio n  p roper, 
B re a re y  (1982) found  t h a t  b i r d s  may be f a i t h f u l  to  th e s e  
m ig r a t io n  s to p - o v e r  p o in t s  a s  w e l l  a s  t h e i r  m ain w in te r in g  a r e a s .  
Turnstones caught and c o lo u r-r in g ed  on th e  Tees in  e a r ly  May w h ile  on 
m ig ra tio n  were subsequen tly  seen th e re  in  both  th e  e a r ly  autumn and 
l a t e  s p r in g  o f  th e  f o l lo w in g  s e a s o n , i n d i c a t i n g  t h a t  t h e i r  m ain 
w in te rin g  a re a  was fu r th e r  so u th , and th a t  th e  Tees was used on both 
northward and southward m ig ra tio n s .
There appear to  be re g io n a l d if fe re n c e s  in  th e  e x te n t to  which 
w in te rin g  a re as  a re  used by b ird s  on passage, T urnstones take  th re e  
w eeks to  b u i ld  up th e  f a t  r e s e r v e s  r e q u ir e d  f o r  th e  n o rth w a rd  
m ig ra tio n  from B r i ta in  (Clapham 1979), The same p e rio d  o f w eight g a in  
was a lso  found fo r  b ird s  fa t te n in g  up on th e  P r ib i lo f  is la n d s  befo re  
m ig ra tin g  a s im ila r  d is ta n c e  (Thompson 1973). I f  b ird s  th a t  w in te red  
fu r th e r  south  were to  use an a rea  as  the  major s to p p in g -o ff  p o in t a t  
which to  f a t te n  up p r io r  to  th e  main m ig ra tio n  one would expect them 
to  be p r e s e n t  by l a t e  A p r i l .  A s tu d y  c a r r i e d  o u t  by M oser & C a r r ie r  
(1983) on th e  p o p u la tio n  tu rn o v er on th e  Solway e s tu a ry  (100km south  
o f  A rd ro ssan ) in  th e  s p r in g  o f  1983 showed t h a t  th e  tu r n s to n e
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p o p u la tio n  in c reased  m arkedly in  numbers in  m id -A pril, w ith  the  peak 
c o u n t on May 9 th  b e in g  th r e e  t im e s  th e  w in te r in g  p o p u la t io n  s iz e .  
D ye-m ark ing  showed t h a t  th e r e  had been  no a d d i t i o n a l  im m ig ra t io n  
a f te r  A p ril 30 th , and v i r t u a l ly  a l l  th e  b ird s  had dep arted  e ig h t  days 
l a t e r  ( th e  t im in g  o f  f i n a l  d e p a r tu r e  t h e r e f o r e  b e in g  a lm o s t 
sim ultaneous w ith  th e  A rdrossan popu la tion ).
In  c o n tr a s t ,  th e  m onito ring  o f th e  p ro p o rtio n  o f b ird s  co lo u r-  
ringed  showed th a t  very  few im m igrants were p re se n t in  the  A rdrossan 
a rea  u n t i l  e a r ly  May (by which tim e th e  t o t a l  number o f b ird s  p re se n t 
was d e c lin in g ) . S im ila r ly , from an a ly ses  o f th e  p ro p o rtio n s  o f b ird s  
th a t  were a lre ad y  rin g ed , Clapham (1979) found th a t  sam ples o f b ird s  
c a u g h t a t  M orecambe Bay up u n t i l  e a r ly  May c o n ta in e d  n e g l i g i b l e  
p ro p o rtio n s  o f  im m igrants, whereas a  ca tch  on 26th May, a t  th e  end o f 
m ig r a t io n ,  was v e ry  l a r g e l y  com posed o f  b i r d s  t h a t  had w in te re d  
e ls e w h e re . The Solw ay th u s  ap p ea re d  to  be an a r e a  used  by some 
m ig ran t tu rn s to n e s  fo r  th e  whole p e r io d  o f  p r e m ig r a to r y  f a t t e n i n g ,  
whereas th e  ro le  o f A rdrossan (and p o ss ib ly  Morecambe Bay) was as a 
tem porary feed ing  s i t e  used by r e l a t iv e ly  sm all numbers o f  b ird s  l a t e  
in  th e i r  m ig ra tio n  northw ards (as in d ic a ted  by th e  lack  of a  sp ring  
peak  in  num bers and th e  v e ry  l a t e  and s h o r t - l i v e d  in f lu x  w hich 
occurred  as  th e  l a s t  w in te r r e s id e n ts  were them selves d ep artin g ).
In  May 1983 c e r ta in  p a r t s  o f th e  s tudy  a re a  con tained  im m igrant 
b i r d s  w h ile  o th e r  a r e a s  d id  n o t .  I t  i s  u n l ik e ly  t h a t  t h i s  l o c a l  
v a r ia t io n  was caused by passage b ird s  s e le c t in g  a re a s  on th e  b a s is  o f 
th e i r  food supply , as th e  re s id e n t  p o p u la tio n  (which would have fa r  
g r e a t e r  e x p e r ie n c e  o f  l o c a l  food  d i s t r i b u t i o n )  showed no s ig n  o f  
s e le c t in g  th e  same a re as  -  th e  number o f b ird s  a t  C o a lru ff ie  (which, 
when c e n su se d , c o n ta in e d  no im m ig ran ts )  was a s  h ig h  in  e a r l y  May 
(when th e  t o t a l  p o p u la tio n  s iz e  had decreased) as  d u ring  th e  r e s t  o f 
th e  w in te r .  As tu r n s to n e s  m ig r a te  in  f lo c k s  (Bent 1929, p .2 7 9 ), th e
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hastened  th e i r  d e p a r tu re .
(Mann W hitney  U = 3462, n 
o f see ing  marked p u rp le  san d p ip ers  was probab ly  due to  a com bination
I
s i tu a t io n  may sim ply  be th a t  sm all f lo c k s  moving northw ards up the  
c o a s t s to p  o f f  to  feed  o p p o r tu n is t ic a l ly  fo r  perhaps only  a m atte r o f 
h o u rs  b e fo re  c o n t in u in g  n o r th ;  t h e i r  d i s p e r s io n  a t  th e s e  s i t e s  i s  
th u s  very  patchy.
The c au se  o f  th e  e a r l i e r  s p r in g  m ig r a t io n  in  1984 i s  u n c le a r ;  
th e re  i s  some evidence th a t  t h i s  was no t r e s t r i c t e d  to  the  A rdrossan
a re a , as  th e  pasage o f waders through the  Solway was a lso  e a r l i e r  in  
1984 th a n  in  1983 (M.Moser, pers.com m .). I t  i s  p o s s ib le  t h a t  th e  
e x ce p tio n a l p e rio d  o f warm w eather in  B r i ta in  in  th e  sp ring  o f 1984
2.4  The P u rp le  Sandpiper P o p u la tio n
As o n ly  e i g h t  b i r d s  w e re  c o lo u r - m a r k e d  in  t h i s  s t u d y ,  
c o m p a ra tiv e  d a ta  f o r  th e  p u r p le  s a n d p ip e r  a r e  r a th e r  l im i t e d .  
H ow ever, th o s e  c o m p a riso n s  t h a t  can  be made g iv e  i n t e r e s t i n g  i f  
t e n ta t iv e  r e s u l t s .
2 .4 .1  The Frequency o f R esig h tin g  Marked B irds
The tu rn s to n e  c a te g o r is a t io n s  (see s e c tio n  2.1.1) were ap p lied , 
e x c e p t  t h a t  th e  f i r s t  o b s e r v a t io n  day  each  autum n was ta k e n  as  th e  
f i r s t  day  o f  f ie ld w o rk  in  November (or th e  day  o f  f i r s t  s ig h t in g  i f  
e a r l i e r ) ,  as many p u rp le  san d p ip ers  d id  n o t a r r iv e  u n t i l  l a te  autumn 
each  y e a r  (see  l a t e r ) .  F iv e  p u r p le  s a n d p ip e r s  w ere  s u b se q u e n tly
I
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c la s s i f i e d  as re s id e n ts ,  and th re e  as  v i s i t a n t s .  The re s id e n ts  were 
se e n  on 25.0 -  55.6 % o f  o b s e r v a t io n  days (mean 38.4 + 5 .23 ), w hich 
i s  s ig n i f ic a n t ly  le s s  than  th e  re s ig h tin g  r a te  o f re s id e n t  tu rn s to n es
2 = 79, n 2 = 5, P < 0 .05 ). T h is  lo w er r a t e
o f  th r e e  f a c t o r s .  F i r s t l y ,  tw o o f  th e  r e s i d e n t  b i r d s  w ere n o t f i r s t
s e e n  in  th e  w in te r  u n t i l  e a r l y  D ecem ber, and so  may w e ll  n o t have 
been  p r e s e n t  th ro u g h o u t N ovem ber. A second  p o i n t  i s  t h a t  p u rp le
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s a n d p ip e r s  had a g r e a t e r  te n d e n c y  to  fe e d  on th e  more exposed  
o ffsh o re  rocks, in c lu d in g  some th a t  could n o t be seen  adequate ly  from 
a m a in lan d  v a n ta g e  p o s i t i o n .  Hence th e r e  was p ro b a b ly  a  g r e a t e r  
lik e lih o o d  o f  th e i r  escap ing  d e te c tio n  than  tu rn s to n e s . However i t  i s  
a l s o  p o s s ib le  t h a t  th e  r e s i d e n t  p u rp le  s a n d p ip e rs  moved o u t o f  th e  
s tu d y  a re a  m ore f r e q u e n t ly  th a n  d id  r e s id e n t  tu r n s to n e s .  A lth o u g h  
c o lo u r - r in g e d  b i r d s  w ere  m ost l i k e l y  to  be see n  in  th e  v i c i n i t y  o f  
th e  p la c e  o f  c a p tu r e  w i th in  th e  s tu d y  a re a  (T able  2 .4 ), th e r e  w ere  
g re a te r  f lu c tu a t io n s  in  th e  number o f p u rp le  sandp ipers  p re s e n t (see 
l a t e r ) ,  i n d i c a t in g  t h a t  many b i r d s  w ere n o t in  th e  s tu d y  a r e a  
throughout th e  whole o f  th e  w in te r.
Table 2.4 "Hie p e rcen tag e  o f  p u rp le  sandp ipers  in  d i f f e r e n t  s e c tio n s  
o f  th e  s tu d y  a r e a  t h a t  w ere  o r i g i n a l l y  m arked a t  N o rth  Rocks and 
N orth Beach
Place  o f Marking N orth Beach N orth Rocks
P lace  o f  S ig h tin g % Marked (n)* % Marked (n)
N orth Beach 10.0 (90) 0 .0 (35)
McCrindies 1.3 (80) 8.9 (45)
North Rocks 0 .4 (957) 8 .4 (632)
South Rocks 0.0 (97) 0.0 (46)
S a ltc o a ts 0 .2 (650) 2.7 (557)
C o a lru ff ie 0 .1 (983) 0.8 (740)
S tevenston 0 .0 (212) 0.0 (106)
*The sample s iz e s  a re  n o t th e  same, as the  two sam ples were caught a t  
d i f f e r e n t  tim es.
2.4.2 S u rv iv a l R ates
The sam ple s iz e  i s  too  sm all to  consider on ly  re s id e n t  b ird s ;
consequently  s u rv iv a l has been m easu red  a s  th e  p r o p o r t io n  o f  b i r d s
known to  be a l i v e  a  y e a r  a f t e r  th e  d a te  o f  c a p tu r e  (and each  y e a r
su b se q u e n t to  t h a t ) .  The rough  e s t i m a te  o b ta in e d  in  t h i s  way f o r
a d u lt  p u rp le  sandp iper annual s u rv iv a l i s  80 % (n = 10 b ird  y ears).
:
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2 .4 .3  The Timing o f  M ig ra tio n , and P o p u la tion  Changes
Although a few p u rp le  san d p ip ers  were seen in  September, the  
main in f lu x  d id  n o t occur u n t i l  l a t e r  in  th e  autumn. I f  th e  two North 
Beach b i r d s  a r e  d is c o u n te d  in  th e  f i n a l  y e a r  (as co v erag e  was 
incom plete in  th a t  a re a  d u ring  th a t  p e rio d ), th re e  b ird s  were f i r s t  
see n  in  O c to b e r , tw o in  D ecem ber, one in  J a n u a ry  and one in  M arch. 
The two b ird s  f i r s t  seen in  December were the  two seen most re g u la r ly  
t h e r e a f t e r ,  and so  w ere  u n l ik e ly  to  have been  p r e s e n t  b u t n o t seen  
much e a r l i e r  in  th e  autumn. Most o f  th e  marked b ird s  remained in  the  
s tu d y  a r e a  u n t i l  l a t e  s p r in g ;  f o r  in s ta n c e ,  f iv e  o u t  o f  e ig h t  w ere 
seen on or a f t e r  5 th  May in  1983.
P o p u la t io n  c o u n ts  showed v e ry  much g re a te r  f lu c tu a tio n s  fo r 
p u rp le  san d p ip ers  than  fo r tu r n s to n e s .  The f re q u e n c y  d i s t r i b u t i o n s  
o f th e  number o f p u rp le  san d p ip ers  and tu rn s to n e s  seen a t  C o a lru ff ie  
a re  g iven  in  F igure  2.8. W hile th e  tu rn s to n e  coun ts vary  according  to  
an  a p p ro x im a te ly  n o rm a l d i s t r i b u t i o n ,  ra n g in g  from  7 to  32 b i r d s  
(d is c o u n tin g  one o c c a s io n  when no b i r d s  w ere  p r e s e n t ) ,  th e  p u rp le  
sandpiper p o p u la tio n  was fa r  more v a r ia b le , w ith  a peak count o f 98 
y e t  f iv e  o r few er b ird s  p re s e n t on approx im ate ly  50 % o f occasions. 
S im i la r  v a r i a t i o n  was a p p a r e n t  in  o th e r  p a r t s  o f  th e  s tu d y  a r e a .  
T herefore  i t  was n o t p o s s ib le  to  e s tim a te  th e  t o t a l  study  p o pu la tion  
from  th e  a v e ra g e s  o f  c o u n ts  made in  d i f f e r e n t  p a r t s  o f  th e  s tu d y  
a r e a ,  a s  th e s e  w ere so  v a r i a b l e .  H ow ever, a rough i n d i c a t io n  o f  th e  
s iz e  o f th e  p o p u la tio n  i s  g iven  in  Table 2.5, which shows the  maximum 
number o f  p u r p le  s a n d p ip e r s  s e e n  in  one day  in  th e  s tu d y  a r e a  fo r  
each month throughout th e  p e rio d  o f study. These t o t a l s  w i l l  tend to  
be u n d e re s tim a te s , due to  th e  p r a c t i c a l  problem s m entioned e a r l i e r  o f 
ensu ring  com plete coverage o f  o ffsh o re  rock o u tcrops in  some a reas . 
However, i t  i s  e v id e n t  t h a t  t h e r e  was a  g e n e r a l  ten d en c y  fo r  th e  
pu rp le  sandpiper p o p u la tio n  to  in c re a se  tow ards th e  m iddle to  l a t e
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F ig .2 .8. F req u en cy  d i s t r i b u t i o n s  o f  th e  num bers o f  (a) tu r n s to n e s  
(n=54 counts) and (b) p u rp le  sandp ipers (n=67 counts) p re s e n t during 
th e  exposure p e rio d  a t  C o a lru ffie . Counts a re  excluded when n e ith e r  
s p e c ie s  was p r e s e n t ;  tu r n s to n e  c o u n ts  a f t e r  1 s t  A p r i l ,  and p u rp le  
s a n d p ip e r  c o u n ts  a f t e r  1 0 th  May, a re  ex c lu d e d  each  y e a r ,  due to  th e  
low ered p o p u la tio n  s iz e s  r e s u lt in g  from sp rin g  m ig ra tio n .
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w in te r , w ith  peak coun ts  o ccu rrin g  a f t e r  February in  a l l  th re e  y ea rs . 
N o n e th e le s s  th e r e  was s t i l l  c o n s id e r a b le  d a y - to -d a y  v a r i a t i o n  in  
num bers even when t h i s  s e a s o n a l  t r e n d  i s  ta k e n  in to  c o n s id e r a t io n .  
For in s ta n ce , between January  and A p ril 1983 th e re  were s ix  coun ts o f  
over 40 b ird s  a t  C o a lru f f ie ,  s ix  o f le s s  than 5, and only  two counts 
between th e se  ex trem es.
Table 2.5 Maximum d a i ly  coun ts  o f  p u rp le  sandp ipers  in  th e  s tudy  a re a  
fo r  each w in te r  month o f  th e  stucty
Month 1981/82 1982/83 1983/84
September - 2
October 10 52 9
November 41 38 27
December 18 14 38
January 32 100 41
February 33 69 43
March 67 118 35
A p ril 78 58 65
May 92 56 36
2 .4 .4  D iscussion
The t im in g  o f  autum n a r r i v a l  o f  p u rp le  s a n d p ip e r s  on th e  
c o a s t l in e s  o f  Europe appears  to  depend on th e  lo c a tio n  o f th e  breed ing  
g ro u n d s . A tk in so n  e t  a l  (1981) showed t h a t  b i r d s  w in te r in g  in  s o u th ­
e a s te rn  Scotland  were la rg e ly  o f Norwegian o r ig in , and the  f i r s t  b ird s  
a r r iv e d  back in  th e  w in te r in g  q u a r t e r s  in  J u ly .  In  c o n t r a s t ,  B oere e t  
a l .  (1984) found  t h a t ,  w h ile  some s m a l l  b i r d s  (from  Norway o r 
Greenland) were p re s e n t in  Holland in  e a r ly  autumn, th e  m a jo rity  o f 
th e  p o p u la tio n  (thought to  be o f Canadian o r R ussian o rig in ) d id  no t 
a r r i v e  u n t i l  Novem ber. A November a r r i v a l  was a ls o  n o ted  f o r  b i r d s  
w in te rin g  in  e a s te rn  England (Feare 1966) and in  th e  Outer H ebrides 
(Buxton e t  in  p r e s s ) .  The l a t e  t im in g  o f  a r r i v a l  t h e r e f o r e
suggests  th a t  th e  m a jo r ity  o f b ird s  w in te rin g  a t  A rdrossan were n o t
o f  S c a n d in a v ia n  o r i g i n .  F u r th e r  c i r c u m s t a n t i a l  e v id e n c e  f o r  t h i s%
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comes from th e  b io m e tr ic s  o f th e  e ig h t co lo u r-rin g ed  a d u lts ; b i l l -  
le n g th s  o f  th e s e  b i r d s  ran g ed  from  28-36 mm, w hich in d i c a t e s  t h a t  
th e y  w ere m ore l i k e l y  to  b e lo n g  to  th e  b re e d in g  p o p u la t io n s  o f 
I c e la n d  and Canada th a n  to  t h a t  o f  Norway (A tk inson  e t  a l . 1981, 
Anon. 1984, B uxton e t  a l .  in  p r e s s ) .
Although th e  e s tim a te  o f annual s u rv iv a l / r e tu rn  r a te  produced 
by t h i s  s tudy  can only  be regarded  as very  te n ta t iv e ,  i t  i s  apparen t 
th a t  p u rp le  san d p ip ers  may be q u ite  lo n g -liv ed  fo r th e i r  s iz e . There 
have been no o th e r p u b lish ed  e s tim a te s  o f su rv iv a l;  th e  o ld e s t  b ird  
re c o rd e d  from  r in g in g  r e c o v e r i e s  was o v e r 8 y e a r s  o ld  (Cramp & 
Simmons 1982), though t h i s  i s  undoubtedly an u n d erestim ate  o f  maximum
s tr e tc h  o f c o a s t l in e  each w in te r , they  a re  n o t a s  r e s t r i c t e d  in  th e i r  
movements as  tu rn s to n e s . A tkinson e t  a l .  (1981) found th a t ,  a lthough 
th e  m a jo r i ty  o f  s i g h t i n g s  o f  m arked b i r d s  w ere a t  th e  s i t e  o f
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lo n g e v i ty ,  a s  so  few have been  r in g e d . T h e ir  h ig h  s u r v iv a l  r a t e  may
be p a r t ly  due to  t h e i r  being ( l ik e  tu rn sto n es) r e la t iv e ly  u n a ffec ted
iby co ld  w eather. They a re  th e  most n o r th e r ly  w in te rin g  waders in  th e  : f
w o rld  (Cramp & Simmons 1982), and B r i t a i n  i s ,  in  f a c t ,  to w a rd s  th e 'Isou thern  l i m i t  o f  t h e i r  w in te rin g  range.
H ow ever, w h ile  b o th  t h i s  s tu d y  and t h a t  o f  A tk in so n  p t  a l .  
(1981) have shown t h a t  many in d iv id u a l s  r e tu r n  to  th e  same g e n e r a l
m arking, some b ird s  moved over 20 km w ith in  a season. There i s  some
evidence th a t  p u rp le  san d p ip e rs  may become more m obile l a t e  in  th e  #
"Iw in te r; Feare (1966) found th a t  h is  study  p o p u la tio n  d id  n o t alw ays .s'f
freq u en t th e i r  e a r ly  w in te r  l o c a l i t i e s  a f t e r  m id-January , and b ird s
c a u g h t on V l ie la n d  ( in  th e  D utch W addensea) in  s p r in g  w ere l e s s
l ik e ly  to  be su b seq u en tly  re trap p ed  th e re  than  those  caught e a r l i e r
in  th e  w in te r  (Boere e ^  a]^ 1984). L a te - w in te r  s h o r t  d i s ta n c e
.movements may e x p la in  why th e  tim e o f peak p o p u la tio n  s iz e  over th e
■|
i
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w in te r  v a rie d  betw een s i t e s  in  e a s te rn  S co tland , th e  g re a te s t  numbers 
b e in g  found  in  O c to b e r a t  some l o c a l i t i e s  b u t  a s  l a t e  a s  M arch 
e ls e w h e re  (A tk in so n  e t  a l .  1981). The g r e a t  d a y - to -d a y  v a r i a t i o n  in  
th e  numbers o f p u rp le  san d p ip ers  p re se n t a t  C o a lru ff ie  d em onstra tes  
th a t  n o t on ly  m ust th e  m a jo r ity  o f in d iv id u a l b ird s  u t i l i s e  se v e ra l 
feed ing  a re a s , b u t t h a t  th ey  a ls o  move between them a s  a  co o rd ina ted  
g ro u p . D e s p ite  t h i s  v a r i a t i o n ,  c o lo u r-m a rk e d  b i r d s  showed g r e a t  
f i d e l i t y  to  th e  a r e a  in  w h ich  th e y  w ere c a u g h t. The m a jo r i ty  w ere 
c a u g h t e a r l y  in  th e  w in t e r ,  and i t  i s  p o s s ib le  t h a t  th e  e a r l i e s t  
b ird s  to  a r r iv e  show g re a te r  s i t e - f i d e l i t y  than  th o se  which appear 
from January  onwards.
I t  would appear t h a t  th e  sp rin g  m ig ra tio n  i s  as synchronised 
in  p u rp le  sandp ipers  a s  in  tu rn s to n e s . While th e  maximum counts fo r  
May showed l i t t l e  d e c l i n e  from  peak  w in te r  l e v e l s ,  num bers had 
d ropped  d r a m a t i c a l l y  by th e  l a s t  day o f  f ie ld w o rk  each  y e a r  (e .g . 
from  92 to  13 b i r d s  by 1 9 /5 /8 2 ;  from  36 to  6 by 1 6 /5 /8 4 ) ,  and b o th  
A tk in so n  e t  a l .  (1981) and B oere  e t  a l .  (1984) found t h a t  a l l  b i r d s  
had departed  from e a s te rn  S co tland  and H olland re s p e c tiv e ly  by June,
In  sum m ary, t h i s  c h a p te r  h as  shown t h a t  th e  tu r n s to n e  
po p u la tio n  was la rg e ly  sed en ta ry  throughout th e  w in te rin g  p e rio d . The 
m a jo r i ty  o f  th e  b i r d s  w ere  see n  r e g u la r ly  in  th e  s tu d y  a re a ;  th o s e  
seen  in f r e q u e n t ly  a r e  th o u g h t to  have had home ra n g e s  on th e  
s tr e tc h e s  o f c o a s t b o rd e rin g  th e  main s tudy  a rea . Although some b ird s  
l e f t  th e  a re a  in  e a r ly  sp r in g , th e  m a jo rity  rem ained u n t i l  th e  tim e 
o f  m ig r a t io n  in  l a t e  s p r in g ,  and th e r e  was l i t t l e  e v id e n c e  o f  
p o p u la t io n  tu rn o v e r  u n t i l  t h i s  t im e . The p o p u la t io n  s t r u c t u r e  was 
th e re fo re  more o r l e s s  s ta b le  (w ith  approx im ately  230 b ird s  p re s e n t 
in  th e  s tu d y  a re a )  from  O c to b e r th ro u g h  to  l a t e  A p r i l  each  y e a r .  
Ju v en ile s  had a h ig h e r tendency to  d isappear than  a d u lts ,  b u t those
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b ird s  t h a t  became e s ta b lis h e d  as re s id e n ts  showed h igh  s i t e  f i d e l i t y  
in  su b se q u e n t y e a r s .  T h is ,  c o u p led  w ith  h ig h  a d u l t  s u r v iv a l  r a t e s ,  
meant th a t ,  on average , a  b ird  su rv iv in g  i t s  f i r s t  year would re tu rn  
to  th e  same s t r e tc h  o f  c o a s t  fo r  a fu r th e r  s ix  y ears.
The p u rp le  s a n d p ip e r  p o p u la t io n ,  in  c o n t r a s t ,  was s l i g h t l y  
more f l u i d  in  c o m p o s i t io n , w i th  e v id en c e  o f  b i r d s  m oving in to  th e  
a r e a  in  l a t e  w in te r .  B ird s  w ere a l s o  l e s s  p r e d i c t a b l e  in  t h e i r  
movements w ith in  th e  s tudy  a re a , although th e  sm all number o f b ird s  
th a t  were marked were more o f te n  seen a t  th e  s i t e  o f c ap tu re  than  in  
o th e r a reas . These b ird s  were a ls o  s i t e - f a i t h f u l  in  subsequent y ears ; 
a rough e s tim a te  o f 80 % of a d u lt  p u rp le  sandp ipers p re se n t one year 
re tu rn ed  th e  next. i
-
I
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CHAPTER THREE -  HOME RANGES & ASSOCIATIONS
I t  has been shown in  th e  p rev ious ch ap te r th a t  the  p o p u la tio n  
o f tu rn s to n e s  in  th e  s tu d y  a re a  was very  s ta b le ,  in  th a t  n e g lig ib le  
im m ig ra t io n  o r e m ig r a t io n  o c c u r re d  betw een  O cto b er and l a t e  A p r i l  
each  y e a r ,  and p o p u la t io n  tu rn o v e r  from  y e a r  to  y e a r  was v e ry  low .
The p o p u la tio n  s iz e  was a lso  e s tim a te d  to  be approxim ately  230 b ird s  
w ith in  th e  s tudy  a rea . However, no in d ic a tio n  was given  o f th e  degree 
o f m ixing o f  th e  p o p u la tio n . Did each b ird  use th e  whole o f th e  s tudy  
a re a , mixing w ith  a l l  o th e rs , o r were th e re  l im i t s  to  both in d iv id u a l 
a s s o c ia tio n s  and use o f  space? This p o in t has c le a r  im p lic a tio n s  fo r 
th e  s u b t le ty  o f th e  s o c ia l  in te ra c t io n s  in  tu rn s to n e s : th e  occurence 
o f  dom inance th ro u g h  in d iv id u a l  r e c o g n i t io n ,  o r o f  r e c ip r o c a l  
a l tru is m , i s  f a r  l e s s  l i k e ly  in  a homogenous po p u la tio n  o f 230 than 
i f  th a t  p o p u la tio n  i s  d iv id e d  in to  te n  groups which seldom mix. W hile 
h i e r a r c h i e s  have been  d e m o n s tra te d  in  c ap tiv e  tu rn s to n e s  (M arshall 
1981), la b o ra to ry  s tu d ie s  o f i n t e r - i n d i v i d u a l  r e l a t i o n s h i p s  w i th in  
sm all confined  groups may in d ic a te  le v e ls  o f in te ra c t io n  which sim ply
'do n o t  e x i s t  in  th e  w ild  due to  th e  f a r  g r e a t e r  f l u i d i t y  o f  
a s s o c ia tio n s  (Myers 1983),
T h ere  a r e  tw o fo rm s  o f  a s s o r t a t i v e  a s s o c i a t i o n  b e tw een
e x te n t  o f  o v e r la p  o f  t h e i r  home ra n g e s . For ex am p le , R o e ll (1978)
However, th e re  may be a  second, h ig h e r, le v e l o f a s s o c ia tio n , as some
be e x p e c te d  a f t e r  c o r r e c t i o n  f o r  th e  am ount o f  ran g e  o v e r la p . In  
o th e r words, th e re  may be a f f i l i a t i o n  or avoidance between c e r ta in
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in d iv id u a ls  in  a p o p u la tio n . The f i r s t  i s  due to  d i f f e r e n t i a l  use o f Ispace; i.e . th e  a s s o c ia t io n  between two in d iv id u a ls  i s  re la te d  to  th e
1#
found th a t  th e  frequency w ith  which breeding jackdaws Corvus monedula 
were seen feed ing  to g e th e r  depended on the  p ro x im ity  o f th e i r  n e s ts . ;;;
i
p a ir in g s  may be observed  s ig n i f ic a n t ly  more o r le s s  o f te n  than  would
i
'I
;.3
i n d iv id u a l s  t h a t  u se  th e  same a r e a .  E xam ples o f  a f f i l i a t i o n  a re  
p e r s i s te n t  p a ir  o r fa m ily  bonds, a s  found fo r  in s ta n ce  in  w in te rin g
?C an ad a  g e e s e  B r a n ta  c a n a d e n s i s  (R a v e l in g  1969); c o n v e r s e ly , su b o rd in a te  m a lla rd  ducks Anas p laty rhynchus may avoid  being in  the  
same group as  dom inants, as dom inants can outcom pete them fo r  food
(Harper 1982).
#
A nalysis  o f  th e  f i r s t  o f th e se  forms o f non-random a ss o c ia tio n  
would answer th e  q u estio n : w ith  how many in d iv id u a ls  does a tu rn s to n e  
re g u la r ly  flo ck ?  However, th e  second i s  a lso  worthy o f in v e s t ig a tio n , 
s in ce  i t  i s  p o s s ib le  th a t  p o p u la tio n s  as s ta b le  as those  o f w in te rin g  
tu r n s to n e s  may move in  f lo c k s  t h a t  a r e  more th a n  j u s t  random 
ag g reg a tio n s  o f  th e  in d iv id u a ls  p re se n t in  one a rea .
The s e p a r a te  q u e s t io n  th e n  a r i s e s  a s  to  w h e th er th e  f lo c k s  
them selves a re  s ta b le  in  com position . I t  i s  p o s s ib le  fo r  in d iv id u a ls  
to  be r e s t r i c t e d  in  th e  number o f  b i r d s  w ith  w hich  th e y  f lo c k ,  y e t  
fo r f lo c k s  to  be c o n tin u a lly  changing in  com position . The s i tu a t io n  
i s  b e s t  exp la ined  w ith  re fe re n ce  to  the  p o s i t io n  o f in d iv id u a l home 
ra n g e s . In  g r e g a r io u s  s p e c ie s ,  home ra n g e s  may o v e r la p  e i t h e r  
random ly  o r  n o n -ran d o m ly  w ith  each  o th e r .  In  th e  l a t t e r  c a s e ,  th e  
most common s i tu a t io n  i s  fo r  a group o f in d iv id u a ls  to  have ex trem ely  
s i m i l a r  home ra n g e s ; th e r e  i s  th u s  a 'g ro u p  home r a n g e ',  w hich  has  
l i t t l e  i f  any o v e r la p  w i th  th e  c o l l e c t i v e  home ra n g e s  o f  a d ja c e n t  
groups. A ll members o f a group w i l l  th e re fo re  on ly  flo c k  w ith  o th e r 
g roup  m em bers, and th e  c o m p o s i tio n  o f  a f lo c k  w i th in  a g roup  home 
ran g e  i s  n o t s i t e - d e p e n d e n t .  In  c o n t r a s t ,  i f  ra n g e s  a r e  p o s i t io n e d  
random ly  w ith  r e s p e c t  to  each  o th e r ,  each  b i r d  w i l l  have a u n iq u e  
su b se t o f  in d iv id u a ls  from th e  p o p u la tio n  w ith  which i t  w i l l  f lo c k , 
and th e  p o o l o f  i n d iv id u a l s  a b i r d  can  f lo c k  w ith  a t  one end o f  i t s  
ran g e  i s  n o t th e  same a s  th e  e q u iv a le n t  p o o l a t  th e  o th e r  end. 
T h e re fo re  a f lo c k  w i l l  change in  c o m p o s i tio n  a s  i t  moves a c r o s s
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d i f f e r e n t  in d iv id u a l home ranges.
T h is  c h a p te r  th e r e f o r e  lo o k s  a t  th e  ra n g in g  b e h av io u r o f  
in d iv id u a l  t u r n s to n e s ,  to  d e te rm in e  how g r e a t  an a r e a  th e  a v e ra g e  
tu r n s to n e  u t i l i s e s  and w h e th e r th e r e  i s  s e a s o n a l  v a r i a t i o n  in  i t s  
range use. The a s s o c ia t io n s  b e tw een  in d iv id u a l  tu r n s to n e s  a r e  a l s o  
examined, and th e i r  tem poral s t a b i l i t y ,  both  in  the  sh o r t  term  (over 
th e  t i d a l  c y c le )  and th e  lo n g  te rm  (over th e  w in te r )  i s  a s s e s s d .  
These two a sp ec ts  a re  then  combined, to  de term ine  th e  r e la t io n s h ip  
b e tw een  th e  home ran g e  o v e r la p  o f  a  p a i r  o f  b i r d s  and t h e i r  
a s s o c i a t i o n .  T h is  th e n  a l lo w s  a n a ly s i s  o f  th e  sec o n d a ry  form  o f  
a s s o c i a t i o n  ( th e  d i f f e r e n t i a l  a s s o c i a t i o n s  t h a t  o c cu r once u se  o f  
sp a c e  h a s  been  ta k e n  in to  c o n s id e r a t io n )  and th e  e x te n t  to  w hich
tu rn s to n e s  form d is c r e te  groups w hile  on th e i r  w in te rin g  grounds.
■ ■
3 .1  Methods
■3 .1 .1  A R atio n a le  fo r th e  Method o f Home Range D eterm ination
Most methods o f  home range d e te rm in a tio n  have been developed 
f o r  u se  upon s m a l l  mammals. As a co n seq u en ce , th e  m a jo r i ty  o f 
te c h n iq u e s  ( in c lu d in g  a l l  th o s e  based  on t r a p p in g  g r id s )  w ere  
in a p p ro p ria te  in  th i s  s i tu a t io n ,  as they  m ostly  made assum ptions th a t  
were n o t s a t i s f i e d .  In  p a r t i c u la r ,  th e  method to  be employed had to  
take  account o f th e  f a c ts  t h a t  (1) th e  fu n c tio n a l home ranges o f th e  
tu r n s to n e s  w ere l i k e l y  to  be d is c o n t in u o u s ,  a s  a r e a s  o f  s u i t a b l e  
h a b i ta t  were sep a ra ted  by s t r e tc h e s  o f sea , promenade, dockland and 
so  on , and (2) i n d iv id u a l  b i r d s  w ere  a lm o s t  a lw a y s  found fe e d in g  
w ith in  an a rea  on ly  a few hundred m etres in  d ia m e te r , y e t  they m ight 
f l y  up to  5 km to  a  r o o s t  e ach  h ig h  t i d e ;  th e r e  was t h e r e f o r e  a 
p o s s i b i l i t y  t h a t  th e y  w ould o c c a s io n a l ly  be se e n  en r o u t e , w e l l  
o u ts id e  th e i r  norm al feed ing  home range. Thus, a  method such as  th e  
Maximum P olygon (S an d erso n  1966), w hich u s e s  th e  m ost e x tre m e
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s i g h t i n g s  t o  d e t e r m i n e  th e  hom e r a n g e  b o u n d a ry ,  i s  c l e a r l y  
in a p p ro p ria te , s in ce  only  a s in g l e  a b e r r a n t  s ig h t in g  m ig h t p ro d u ce  
anyth ing  up to  a te n - fo ld  in c re ase  in  home range s iz e .
A m ore s u i t a b l e  c h o ic e  w ould th e r e f o r e  be a  p r o b a b i l i s t i c  
techn ique, which would e s tim a te  the  a rea  w ith in  which a b ird  sp en t, 
fo r  in s ta n c e ,  90% o f  i t s  t im e . H owever, such  m ethods a s  th e  
p r o b a b i l i t y  c i r c l e  and p r o b a b i l i t y  e l l i p s e  (rev iew ed  in  S an d erso n  
(1966) and Van W ink le  (1975)), have th e  d is a d v a n ta g e s  t h a t  th e y  a re  
s t i l l  g r e a t l y  a f f e c t e d  by e x tre m e  lo c a t io n s  in  ran g e  and a re  o v e r­
s e n s i t iv e  (such th a t  any new s ig h tin g s , even w ith in  th e  p re v io u s ly -  
c a lc u la te d  home range, would cause changes in  i t s  boundaries). They 
a lso  do n o t a llo w  fo r  a d isco n tin u o u s  home range, and impose a  p re ­
determ ined g e o m etric a l shape on th e  d is t r ib u t io n  o f s ig h tin g s . W hile 
t h i s  may be a d e q u a te  f o r  some c o m p a ra tiv e  p u rp o s e s , th e  sh ap e  may 
have l i t t l e  b io lo g ic a l  j u s t i f i c a t i o n ,  and cannot r e l ia b ly  be used to  
determ ine  th e  home range o v e rlap  o f two in d iv id u a ls .
H ow ever, th e r e  i s  one te c h n iq u e  t h a t  overcom es many o f  th e s e  
o b s ta c le s .  I t  i s  b a sed  on h a rm o n ic , r a th e r  th a n  a r i t h m e t i c ,  m eans, 
and has been term ed th e  Harmonic Mean Measure o f home range (Dixon & 
Chapman 1980). Use o f  harm onic means makes i t  r e la t iv e ly  in s e n s i t iv e  
b o th  to  th e  l o c a t i o n  o f  e x tre m e  p o in t s  and to  f u r t h e r  s ig h t in g s  
w ith in  th e  main home range. The techn ique a lso  a llo w s th e  range to  be 
composed o f s e v e ra l d isco n tin u o u s  p a tch es , which can be o f any shape. 
Furtherm ore, th e  lo c a t io n  c a lc u la te d  to  have th e  h ig h e s t p ro b a b i l i ty  
o f  co n ta in in g  th e  an im al (the 'c e n tre  o f a c t i v i ty ' (Hayne 1949)) must 
be p o s i t io n e d  w i th in  a re g io n  o f  o b se rv e d  a c t i v i t y .  (In  c o n t r a s t ,  
a r i th m e tic  mean methods may g en e ra te  a 'c e n tre ' o f a c t i v i ty  th a t  i s  
between two p a tch es  o f  a c t iv i ty ) .
The m ethod u s e s  a g r i d ,  su p e rim p o sed  over a map o f a l l
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o b se rv a tio n s  o f an in d iv id u a l. For each in te r s e c t io n  (j) o f the  g r id , 
th e  r e c ip r o c a l  mean d i s t a n c e  d e v ia t io n  (Dj) (N eft 1966) to  th e  
o b se rv a tio n s  i s  c a lc u la te d  as:
D. = 1] N
where N = number o f o b se rv a tio n s
~ d is ta n c e  from in te r s e c t io n  j  to  p o in t  x .
C a lcu la tin g  Dj fo r  each in te r s e c t io n  o f th e  g r id  produces an a rra y  o f 
v a lu es; th e  m agnitude o f Dj in c re a se s  outw ards from each c lu s te r  o f 
o b s e r v a t io n s ,  and th e  minimum v a lu e  o f  Dj g iv e s  th e  c e n t r e  o f  
a c t i v i ty .  I s o p le th s  can then  be c o n stru c te d , sp read ing  c o n c e n tr ic a lly  
outw ards from the  c e n tre  o f a c t i v i t y  and from o th e r 'h o tsp o ts ';  th ese  
l i n e s  a r e  in  e f f e c t  c o n to u rs  on a map o f  th e  s p a t i a l  p r o b a b i l i t y  
d i s t r ib u t io n  o f th e  lo c a t io n  o f  th e  in d iv id u a l. I f  th e  home range i s  
d e fin ed  a s  th e  space w ith in  which th e  an im al spends 90% of i t s  tim e , 
then  th e  range a re a  can be found by c o n s tru c tin g  su ccessiv e  iso p le th s  
o u t from each h o tsp o t u n t i l  j u s t  90% o f th e  o b se rv a tio n s  f a l l  w ith in  
th e  e n c lo s e d  a re a .  The l o c a t io n  o f  i s o p le th s  i s  more o r l e s s  
in d e p e n d e n t o f  g r id  s i z e ,  a s  t h e i r  p o s i t i o n  can  be a p p ro x im a te d  by 
in te rp o la t io n  between a d ja c e n t in te r s e c t io n s .  F u rth er ex p lan a tio n  o f 
th e  techn ique i s  g iven  in  Chapman & Dixon (1980).
3 .1 .2  The S p e c if ic  Procedure fo r  Home Range D eterm ination
The b a s is  fo r  th e  lo c i  o f in d iv id u a l b ird s  were the  s ig h tin g s  
r e c o r d e d  on m aps a s  d e s c r i b e d  i n  C h a p te r  1. To e n s u r e  som e 
independence o f th e  d a ta  p o in ts , a  minimum p e rio d  o f  one hour had to  
e la p se  between su ccess iv e  s ig h tin g s  o f a b ird ,  and no more than  th re e  
s ig h t in g s  o f  th e  sam e b i r d  w ere  in c lu d e d  p e r  day . In  p r a c t i s e ,  th e  
t i d a l  cy c le  g e n e ra lly  ensured  th a t  b ird s  were c o n tin u a lly  on the  move
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and so were r a r e ly  recorded in  th e  same p o s i t io n  in  successive  hours, 
and my own movements between reg io n s  o f th e  s tudy  a re a  in  th e  course 
o f  a  day r e s u l t e d  in  v e ry  few  b i r d s  b e in g  re c o rd e d  more th an  tw ic e  
p e r  day , u s u a l ly  w ith  s e v e r a l  h o u rs  b e tw een  each  s ig h t in g .  In  
a d d itio n , s ig h tin g s  from th e  h igh  t id e  p e rio d  (Chapter 1) and those  
o f  r o o s t in g  b i r d s  w ere  t r e a t e d  s e p a r a t e ly ,  a s  few b i r d s  ro o s te d  o r 
sp en t h igh  w ater in  th e  same a re a s  in  which they  had foraged during  
th e  p e rio d  o f exposure,
T urnstones tended to  be more m obile (o ften  being seen o u ts id e  
t h e i r  n o rm al w in te r  range) in  th e  l a t e  s p r in g .  T h e re fo re , to  av o id  
th e se  anomalous l a t e  sp rin g  movements b ia s in g  th e  e s tim a tio n  o f range 
s i z e ,  a l l  s i g h t in g s  a f t e r  1 5 th  A p r i l  e ach  s p r in g  w ere o m itte d  from  
th e  c a lc u la tio n s  o f  th e  w in te rin g  range.
The map l o c a t io n s  o f  s i g h t i n g s  o f  e ach  b i r d  n o t  ru le d  o u t  by 
th e  above c o n s tr a in ts  (i.e . a l l  independent s ig h tin g s  o f n on -roosting  
b ird s  ob ta ined  during  th e  exposure p e rio d  and b e fo re  A p ril 16th each 
season) were converted  to  C a r te s ia n  c o o rd in a te s , by superim posing a 
tra n sp a re n t g r id  composed o f lOOxlOOm squ ares  over th e  maps o f flo c k  
lo c a tio n s . The e n t i r e  s tu d y  s i t e  could  th u s  be mapped as  a g r id  o f  20 
by 70 such  s q u a r e s ,  th e  lo n g e r  a x i s  (o f 7km) ru n n in g  a lo n g  th e  
c o a s t l in e . S ig h tin g s  were mapped to  th e  n e a re s t  10m; w hile  th i s  may 
im ply undue accuracy , th e  techn ique  used to  determ ine  th e  range s iz e  
i s ,  a s  p r e v io u s ly  e x p la in e d ,  r e l a t i v e l y  i n s e n s i t i v e  to  th e  p r e c i s e  
l o c a t io n  o f  any one p o i n t ,  and so  i t  i s  assum ed t h a t  any s l i g h t  
e r r o r s  in  th e  r e c o rd in g  o f  l o c a t io n s  o f  p o in t s  w i l l  te n d  to  c a n c e l  
each o th e r o u t and have a n e g lig ib le  e f f e c t  on range d e te rm in a tio n . 
One c o n s tr a in t  w ith  th e  method i s  th a t  no s ig h tin g  must be too  c lo se  
to  a  g r id  i n t e r s e c t i o n  (as th e  v a lu e  o f  Dj te n d s  to w ard s  z e ro  fo r  
in c re a s in g ly  sm all v a lu es  o f Rj^ (Chapman & Dixon 1980)); th e re fo re  
a l l  s i g h t in g s  w ere re c o rd e d  a s  b e in g  a t  l e a s t  a  t e n th  o f  a g r id
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square  (i,e . 10m) away from any in te r s e c t io n .
A computer program was used to  c a lc u la te  va lu es  fo r Dj fo r  each
s
<I
a
IiS
s e t  o f  s i g h t in g s  c o o r d in a te s .  Home ran g e  a r e a s  w ere m easured  
e l e c t r o n i c a l l y ,  u s in g  a c u r s o r  to  t r a c e  around  s c a le  d ra w in g s  o f  
ra n g e  b o u n d a r ie s  on a S um m agraphics g ra p h ic  d i g i t i s e r  l in k e d  to  a 
Commodore P e t m icrocom puter.
Surveys o f h a b i ta t  usage showed th a t  on ly  0.6% o f a l l  s ig h tin g s  
o f  tu r n s to n e s  w ere on san d  d u r in g  th e  e x p o su re  p e r io d ,  d e s p i t e  i t s  
p reva lence  as  th e  most ex ten s iv e  h a b i ta t  (Chapter 1). T herefore any 
a r e a s  o f  sand  e n c lo s e d  w i th in  th e  b o u n d a r ie s  o f  an ex p o su re  p e r io d  
home range were o m itted  from c a lc u la t io n s  o f i t s  a re a , as were a reas  
of sea  below th e  mean sp rin g  low w ater mark and ground above th e  mean 
sp rin g  high  w ater mark. O ther h a b i ta ts  th a t  were used in fre q u e n tly  
(such as  rock pools) covered  r e l a t i v e l y  i n s i g n i f i c a n t  f r a c t i o n s  o f  
th e  t o t a l  a re a  (Chapter 1).
W ith  m ost te c h n iq u e s  o f  m easu rin g  home ran g e  s i z e ,  th e
e s t im a te d  ran g e  i n i t i a l l y  in c r e a s e s  in  s i z e  w i th  th e  number o f
o b serv a tio n s  o b ta in ed , a lthough  i t  may reach  a s ta b le  p la te a u  once a
th re sh o ld  number o f o b se rv a tio n s  i s  reached. To examine th e  e f f e c t  o f
th e  number of s ig h tin g s  on th e  harm onic mean e s tim a tio n  o f home range
s i z e ,  a  t e s t  was th e r e f o r e  c a r r i e d  o u t  u s in g  a sam ple  o f  te n  b i r d s
see n  over 30 t im e s .  For each  o f  th e s e  b i r d s ,  th e  home ran g e  (90%
.iso p le th ) was su cc e ss iv e ly  c a lc u la te d  on th e  b a s is  o f  the  f i r s t  5, 9,
13, 17, 21 and 25 s i g h t i n g s ,  and th e  r e s u l t s  com pared to  th e
;■e s tim a tio n  produced by 30 s ig h tin g s . The r e s u l t s  showed th a t ,  w hile  
on average tlie e s tim a tio n  given a f t e r  9 s ig h tin g s  was very  c lo se  to  
t h a t  g iv e n  by 30, th e r e  was a g r e a t  d e a l  o f  in d iv id u a l  v a r i a t i o n  
about t h i s  mean (Fig.3.1). However, by 21 s ig h tin g s  th e  v a rian ce  had 
re d u c e d , and th e  a d d i t i o n  o f  a f u r t h e r  n in e  l o c i  changed th e
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Fig.3.1. The e s tim a te d  home range a rea  as a  fu n c tio n  o f  th e  number of 
s ig h tin g s  used in  i t s  c a lc u la t io n , expressed  as a percen tage  (mean o f 
10 b ird s  + S.E.) o f  th e  a re a  c a lc u la te d  using  t h i r t y  s ig h tin g s .
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e s tim a tio n  ve ry  l i t t l e .  In  f a c t ,  fo r  th e  most f re q u e n tly  seen b ird , a 
fu r th e r  51 s ig h tin g s  re s u l te d  in  a change in  range s iz e  o f only -0.4% 
o f  th e  home ran g e  c a l c u l a t e d  a f t e r  21 s ig h t in g s .  In  a d d i t io n ,  th e  
c e n tre  o f a c t i v i t y  fo r  th e  sam ple o f ten  b ird s  s h if te d  a maximum o f 
500m between th e  9 th  and 30th s ig h tin g , and in  a l l  b u t one case th i s  
s h i f t  was le s s  th an  200m.
T his t e s t  th e re fo re  showed th a t  the  e s tim a te  o f home range s iz e
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changed l i t t l e  w ith  in c re a s in g  number o f s ig h tin g s  above a minimum o f
.. ■-ivaround  20, w hich  p ro v ed  t h a t  (a) above t h i s  minimum th e  m ethod 
produced e s tim a te s  o f range s iz e  th a t  were n o t b iased  by sample s iz e ,  
and (b) in d iv id u a l  tu r n s to n e s  m a in ta in e d  th e  same ra n g e s  o v er long  
tim e p e rio d s  (the p e rio d  o f  d a ta  c o l le c t io n  being over two y ears  in  
some c a s e s ) .  T h e re fo re  e x p o su re  p e r io d  home ranges were c a lc u la te d  
fo r a l l  b ird s  w ith  a t  l e a s t  20 a p p ro p ria te  s ig h tin g s .
Most b ird s  sp en t th e  p e rio d  o f high w ater on (the in access ib le )
Horse Is la n d . However, th o se  b ird s  th a t  foraged  on N orth Beach during
th e  exposure p e rio d  were a ls o  o f te n  found th e re  a t  h igh  t id e ,  feeding
on am phipods and d ip  t e r  an s  in  th e  sand  and a c c u m u la tio n s  o f  dead
w rack . I t  was t h e r e f o r e  p o s s ib l e  to  c a l c u l a t e  th e  h ig h  w a te r  home
ranges o f  such b ird s . As few er s ig h tin g s  were made a t  h igh  w ater than
d u r in g  th e  ex p o su re  p e r io d  (due to  i t s  s h o r t e r  d u r a t io n ) ,  th e
c r i t e r io n  fo r in c lu s io n  was re lax ed  to  a  minimum o f 16 per b ird , w ith
the  a d d itio n a l c o n s tr a in t  th a t  each b ird  had to  have been seen on a t
l e a s t  60% o f  th e  v i s i t s  I  made to  N o rth  B each a t  h ig h  t i d e  w h ile  i t  
.was a l iv e .
High w ater ranges were determ ined  using  th e  same procedure as 
fo r th e  exposure p e rio d , ex cep t t h a t  a re a s  o f  sand were included in  
th e  ra n g e , a s  t h i s  h a b i t a t  was u sed  to  a g r e a t e r  e x t e n t  o v e r h ig h
w a te r  (C h ap ter 1), The u p p er and lo w er sh o re  l i m i t s  to  ra n g e s  w ere 
d e fin ed  a s  25 m above and 50 m below th e  mean sp rin g  high  w ater mark
:
re s p e c tiv e ly .
To a llow  com parison betw een th e  lo c a tio n  o f home ranges o f two 
b ird s  (A and B) and th e  e x te n t o f  a s s o c ia tio n  between them, an index 
o f  th e  degree o f o v e rlap  o f th e i r  home ranges was developed. This was 
d e fin ed  as:
= 7 7 “(a+b+c)
where a = a rea  o f  A*s home range th a t  does n o t o v e rlap  w ith  B 
b = a rea  o f B 's  home range th a t  does n o t o v erlap  w ith  A 
c = a re a  o f o v e rlap  o f ranges o f A and B.
The in d e x , an a d a p ta t io n  o f  J a c c a r d 's  C o e f f i c i e n t  o f  A s s o c ia t io n  
(Janson & V egelius 1981), i s  th e re fo re  th e  p ro p o rtio n  o f the  o v e ra l l  
a rea  covered by th e  two b ird s  th a t  o v e rlap s; i t  th u s  v a r ie s  between 
z e r o  (no o v e r l a p )  and  o n e  ( r a n g e s  i d e n t i c a l  and  c o m p le t e ly  
overlapp ing). A lthough t h i s  in d ic a te s  th e  e x te n t to  which b ird s  used 
th e  same a r e a ,  i t  i s  n o t  e q u iv a l e n t  to  an in d e x  o f  th e  random 
e x p e c ta t io n  o f  t h e i r  b e in g  see n  to g e th e r ,  a s  i t  ta k e s  no a c c o u n t o f  
th e  s iz e  o f  th e  ranges in  q u estio n ; a p a ir  o f  b ird s  moving a t  random 
w ith in  c lo s e ly  o v erlapp ing , b u t la rg e , ranges would le s s  o f te n  be in  
c lo s e  p ro x im ity  to  each  o th e r  th a n  i f  th o s e  ra n g e s  w ere  much more 
r e s t r i c t e d .  T herefo re  th e  c o e f f ic ie n t  o f range o v erlap  was co rre c ted  
f o r  ran g e  s i z e  by d iv id in g  by th e  o v e r a l l  ran g e  a re a  o f  th e  p a i r  
(measured in  h e c ta re s ) :
^ABC orrected  = — ---- X 10 (3)
(a+b+c)
The te n - fo ld  m u lt ip l ic a t io n  fa c to r  was used to  make v a lues of 
th e  c o r r e c te d  in d ex  th e  same o rd e r  o f  m ag n itu d e  a s  th o s e  o f  th e  
a s s o c i a t i o n  in d ex  (see  l a t e r ) .  A lth o u g h  in  th e o ry  th e r e  i s  no upper 
l i m i t  to  th e  v a lu e  o f  th e  in d ex  shown in  e q u a t io n  (3 ), in  p r a c t i c e
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th e  s m a lle s t  home ranges were o f the  o rd er o f 2 ha, so th a t  a maximum 
v a lu e  in  t h i s  s i t u a t i o n  (c o rre sp o n d in g  to  tw o v e ry  s m a ll  and 
com ple te ly  overlapp ing  home ranges) would be f iv e ,
3 .1 .3  The Measurement o f  A sso c ia tio n  Between B irds
i
The l e v e l  o f  a s s o c i a t i o n  a d o p ted  was w h e th er o r n o t a p a i r  o f  
b i r d s  w ere to g e th e r  in  th e  same f lo c k  (as d e f in e d  in  C h ap te r 1). In  
th e  m a jo r i ty  o f  c a s e s  t h i s  was c l e a r - c u t ,  a s  th e  i d e n t i t y  o f ev e ry  
marked flock-m em ber was recorded . However, th e re  were many occasions 
when t h i s  was n o t so, due to  f a c to r s  such as th e  f lo c k  tak in g  f l i g h t  
b e fo re  I  had co m p le ted  th e  check  o f  c o lo u r - r in g s .  Such in s ta n c e s ,  
when I  c o u ld  n o t  be s u re  t h a t  th e  two b i r d s  w ere n o t in  th e  same 
f lo c k , were d isco u n ted , u n le ss  th e  b ird s  in  q u estio n  were seen in  two 
d i f f e r e n t  f lo c k s  w ith in  an hour, A minimum perio d  o f two hours had to  
e la p s e  b e tw een  s u c c e s s iv e  r e c o r d in g s  o f  a p a i r ' s  a s s o c i a t i o n ,  to  
ensure  some independence in  th e  d a ta , J a c c a rd 's  C o e ff ic ie n t was used 
a s  th e  in d ex  o f  a s s o c i a t i o n ,  a s  t h i s  i s  one o f  th e  b e s t  m easu res  o f  
co ex is ten ce  (Janson & V egelius 1981), and makes t h i s  s tudy  com patible 
w ith  th o se  o f Ekman (1979) and Myers (1983), J a c c a rd 's  c o e f f ic ie n t  o f 
a s s o c ia tio n  o f b ird s  A and B (A^) i s  d e fined  as;
* *  ■
where a = number o f  s ig h tin g s  o f  A a lone
b = number o f s ig h tin g s  o f  B alone
c = number o f  s ig h tin g s  o f A and B to g e th e r .
As w ith  th e  analagous c o e f f ic ie n t  o f range o v e rlap  (equation 2),
th e  va lue  o f  A ^  ranges from zero  (p a ir  never seen in  th e  same flock) 
to  one (a lw ay s see n  in  th e  sam e f lo c k ) .  The c o e f f i c i e n t  was 
c a l c u l a t e d  fo r  d i f f e r e n t  p e r io d  o f  th e  t i d e  and d i f f e r e n t  t im e s  o f  
year as a p p ro p ria te  (e,g. to  compare between a s s o c ia tio n s  during  the  
exposure p e rio d  and a t  h igh  t id e ,  o r between w in te r and sp rin g ). The
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a ss o c ia tio n  between two b ird s  was measured on ly  up u n t i l  th e  sp ring  
d e p a rtu re  o f th e  e a r l i e r  m ig ran t o f  th e  p a ir  each y e a r , o r u n t i l  the  
d is a p p e a ra n c e  o f  one o f  them ; t h i s  av o id ed  m e asu rin g  a 'l a c k  o f 
a s s o c i a t i o n ' when in  f a c t  o n ly  one member o f  th e  p a i r  was p r e s e n t .  
Each a n a ly s is  was c a r r ie d  o u t on a sample o f b ird s  (see below), and a 
v a lu e  o f  d e te rm in e d  f o r  a l l  p o s s ib le  p a i r s  o f  b i r d s  fo r  each  
p e r io d  in  q u e s t io n ;  th e  r e s u l t  was a o n e -s id e d  s i m i l a r i t y  m a tr ix  
(Morgan e t  a l .  1976). The sum o f  (a+b+c) was a t  l e a s t  10 (and o f te n  
o v e r 30) f o r  a l l  c o e f f i c i e n t s  in  each  m a tr ix .  The m a tr ix  was th e n  
subm itted  to  one o r more o f  th e  fo llo w in g  s t a t i s t i c a l  procedures fo r 
d a ta  s im p l i f ic a t io n  and re p re se n ta tio n :
(1) S in g le  L inkage  C lu s t e r  A n a ly s is  (SLCA). C lu s te r  a n a ly s i s  i s  a 
te c h n iq u e  w hich  d e te r m in e s  how r e a d i l y  th e  d a ta  f a l l  in to  g ro u p s  
( 'c l u s t e r s ' )  o f  b i r d s  t h a t  w ere found to g e th e r .  F u l l  d e t a i l s  o f  th e  
p ro c e d u re  can  be found  e ls e w h e re  (e.g . Morgan e t  1976; R o e ll 
1978). The r e l e v a n t  p o in t s  to  be n o te d  h e re  a r e  t h a t  SLCA i s  
h i e r a r c h i c a l  ( i .e .  b i r d s  p la c e d  in  th e  same c l u s t e r  a t  one l e v e l  o f 
a s s o c ia tio n  w i l l  be in  th e  same one a t  a low er le v e l ) ,  a b ird  cannot 
be in  tw o c l u s t e r s  a t  o n c e , and t h a t  th e  o u tp u t  o f  a  SLCA a n a ly s i s  
can  be r e p r e s e n te d  a s  a d en d rog ram . SLCA h as  been  used  to  t e s t  
w h e th e r th e  b i r d s  fo rm ed  s e p a r a te  d i s t i n c t  s u b -p o p u la t io n s .  S in ce  
SLCA i s  l e s s  s t r i n g e n t  in  i t s  c l u s t e r  fo rm a tio n  th a n  many o th e r  
c l u s t e r i n g  t e c h n i q u e s  ( in  t h a t  i t  r e q u i r e s  a  lo w e r  a v e r a g e  
a s s o c ia tio n  between in d iv id u a ls  p laced  in  th e  same c lu s te r  (de G hett 
1978)), a f a i lu r e  to  produce t i g h t  c lu s te r s  would in d ic a te  th a t  th e  
tu r n s to n e  p o p u la t io n  was n o t  made up o f  su ch  g ro u p s  o f  f ix e d  
com position .
(2) The S ib s o n - J a r  d in e  B(2) C lu s t e r in g  M ethod. T h is  i s  a  more 
f le x ib le  c lu s te r in g  a lg o rith m , as i t  a llo w s a b ird  to  be in  more than
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one c lu s te r  a t  th e  same tim e , and i s  thus n o n -h ie ra rc h ic a l (Morgan e t  
a l .  1976). T h e re fo re  i t  was u sed  ( in  c o n ju n c t io n  w ith  m u l t i ­
d im ensional s c a lin g  -  see  below) a s  an a l te rn a t iv e  to  SLCA, when th e  
l a t t e r  produced r e s u l t s  which in d ic a te d  th a t  th e  sample o f b ird s  d id  
n o t  f a l l  in to  t i g h t  c l u s t e r s .  The r e s u l t s  o f  a B(2) a n a ly s i s  c an n o t 
be rep resen ted  as a dendrogram because o f the  presence  o f overlapping  
c lu s te r s .
Both c l u s t e r i n g  m ethods w ere  run  u s in g  p ro g ram s from  th e  
CLUSTAN computer package (W ishart 1978).
(3) M u lti-D im e n s io n a l S c a lin g . M ulti-d im ensiona l s c a lin g  (MDS) i s  a 
m ethod o f  d a ta  r e p r e s e n t a t i o n  w h ich  p la c e s  each  d a ta  p o in t  ( i .e .  
b ird )  a t  a p a r t i c u l a r  lo c u s  in  an n -d im e n s io n a l  sp a c e , so  t h a t  th e  
in te rp o in t  d is ta n c e s  correspond  to  th e  d i s s im i la r i ty  o f the  p o in ts . 
Thus two b ird s  th a t  were h ig h ly  a sso c ia te d  would be p o s itio n ed  c lo se  
to g e th e r ,  w h ereas  a  p a i r  t h a t  w ere  seldom  seen  to g e th e r  w ould be 
w id e ly  sp aced . T h e o r e t i c a l l y ,  t h e r e  i s  no l i m i t  to  th e  number o f  
d im ensions used to  d e f in e  th e  lo c a t io n s  o f th e  p o in ts . A s o lu tio n  in  
two dim ensions i s  o b v iously  e a s ie s t  to  p o r tra y , bu t may be d is to r te d  
(in  th e  way th a t  maps o f  th e  3 -d im ensiona l E arth  a re  d is to r te d  when 
drawn in  two dim ensions). However, th e  amount o f d i s to r t io n  imposed 
by a 2d re p re se n ta tio n  can be a sse ssed  using  K ruskal's  S tre s s  Formula 
One (see  Spence 1978). W hile  MDS d o es  n o t  i t s e l f  p ro d u ce  o b je c t iv e  
groupings, i t  i s  th e  b e s t  method o f  v is u a l iz in g  th e  groups produced 
by a S ib s o n - J a rd in e  B(2) a n a l y s i s ,  a s  i t  shows b o th  th e  r e l a t i v e
a s so c ia tio n  o f b ird s  w ith in  a c lu s t e r ,  and the  degree of s e p a ra tio n  
between c lu s te r s .
V arious types o f  MDS procedure  e x i s t ,  inc lud ing  both m e tr ic  and 
n o n -m e tr ic  a lg o r i th m s .  J a c c a r d 's  c o e f f i c i e n t  o f  a s s o c i a t i o n  i s  a
each  b i r d  o f  th e  p a i r .  T h e re fo re  a  d o u b lin g  o f  th e  p r o p o r t io n  o f
c o m p o s ite  in d e x , b a sed  on th e  s e p a r a te  p resence/absence  sco res  fo r
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s ig h tin g s  and boundary) i s  w id e s t fo r  th e  patch  co n ta in in g  th e  most
1II;
tim es  b ird  A was seen w ith o u t b ird  B would no t n e c e s sa r ily  lead  to  an 
e x a c t  h a lv in g  o f  t h e i r  a s s o c i a t i o n  (as t h i s  a l s o  depends on th e  
p r o p o r t io n  o f  t im e s  B was see n  w i th o u t  A) - Thus th e  c o e f f i c i e n t  i s  
n o t t r u ly  m e tr ic , and so n o n -m etric  methods a re  more a p p ro p ria te , as  
they  aim to  produce a c o n fig u ra tio n  whose in te rp o in t  d is ta n c e s  a re  
in  an o rd e r  t h a t  i s  a s  c lo s e  a s  p o s s ib le  to  th e  o b se rv ed  o rd e r in g  
( r a th e r  th a n  a b s o lu te  m ag n itu d e) o f  th e  d i s s i m i l a r i t i e s  (Spence 
1978). The s c a l in g  p ro g ram  used  was th e  MINXSSA a lg o r i th m  from  th e  
MDS(X) compute package (Lingoes & Roskam 1973).
s
3 .2  R esu lts
3 .2 .1  Turnstone Home Ranges Over The Exposure P eriod
An exam ple o f  th e  d i s t r i b u t i o n  o f  s ig h t in g s  o f  one b i r d ,  and 
th e  90% p ro b a b il i ty  space o f  th e  home range subsequen tly  c a lc u la te d , 
i s  shown in  F igure  3.2. The o u te r  boundary o f  th e  range i s  d e fined  as 
th e  is o p le th  which en c lo ses  90% (i.e . 33 ou t o f 36) o f the  s ig h tin g s . 
P o in t s  to  n o te  a re  (1) t h a t  th e  s ig h t in g s  t h a t  a r e  n o t  in c lu d e d  in  
t h i s  ran g e  a r e  th o s e  f u r t h e s t  from  th e  m ain body o f  s ig h t in g s ,  (2)
t h a t  th e  ra n g e  i s  p a tc h y , and (3) t h a t  th e  ’b u f f e r  zone' (betw een
s ig h tin g s , in d ic a tin g  th a t  th e  techn ique  a tta c h e s  more im portance to  
th e  core p a tch  than  to  th e  p e r ip h e ra l  p a tch es  (which may be c re a te d  
or d isap p ear w ith  j u s t  one a d d it io n a l  s ig h tin g ) . A ll th e se  would seem 
to  be b i o l o g i c a l l y  m e a n in g fu l p r o p e r t i e s  o f  th e  m ethod o f  ran g e  
d e te rm in a tio n .
A t o t a l  o f  34 b i r d s  (32 a d u l t s  and 2 ju v e n i le s )  m et th e  
c r i t e r i o n  o f  b e in g  see n  w h ile  fo r a g in g  a minimum o f  tw e n ty  t im e s  
d u r in g  th e  ex p o su re  p e r io d  b e tw een  S ep tem ber and A p r i l  1 5 th . T here
:was no c o r r e l a t i o n  b e tw een  th e  e s t im a te d  home ra n g e  s i z e  o f  th e s e  
b i r d s  and th e  number o f  t im e s  th e y  w ere  see n  (r^  = 0 .013, n = 34,
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F ig .3.2. The 36 exposure p e rio d  fo rag ing  s ig h tin g s  o f a d u lt  tu rn s to n e  
number 121, and th e  90% p r o b a b i l i t y  sp ac e  home ran g e  (shaded) 
c a lc u la t e d  from  th e s e  s ig h t in g s  by th e  h a rm o n ic  mean m ethod. The 
b i r d 's  home ra n g e  was c e n tr e d  on C o a l r u f f i e  and S a lc o a t s  (see 
F ig .1 .1 ) .
250m
F ig .3.3. F requency  d i s t r i b u t i o n  o f  th e  s i z e  o f  e x p o su re  p e r io d  home 
ranges {measured in  h ec ta res) fo r 34 re s id e n t  tu rn s to n e s .
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N S), n o r  t h e i r  d e p a r t u r e  d a t e  ( r ^  = - 0 .0 4 8 ,  n = 3 4 , NS). The 
fre q u e n c y  d i s t r i b u t i o n  o f  home ra n g e  s i z e s  i s  shown in  F ig u re  3.3; 
th e  ran g e  i s  from  2.7 to  14,6 ha b u t  i s  p o s i t i v e l y  skew ed, w ith  a
t h a t  057 was fo rc e d  to  u se  s e v e r a l  a r e a s  b ecau se  th e  q u a l i t y  o f  
h a b i t a t  on N o rth  Beach was to o  low  to  f u l l y  s u p p o r t  a  tu r n s to n e  i s  
made u n l ik e ly  by th e  f in d in g  t h a t  many b i r d s  (such a s  701 (a
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m edian  o f  5.4 ha and w ith  o v e r 80% o f  b i r d s  h av in g  a ran g e  o f  l e s s  
th a n  8 ha .
The b i r d  w ith  th e  l a r g e s t  ran g e  (010) was e x c e p t io n a l  in  t h a t  
i t  was th e  o n ly  one to  change i t s  ran g e  m ark ed ly  d u r in g  th e  s tu d y ,
''i.For th e  f i r s t  th r e e  m onths a f t e r  c a p tu r e ,  i t s  ran g e  and c e n t r e  o f 
a c t i v i t y  w ere  b ased  on N o rth  B each; s u b s e q u e n tly , how ever, i t  was 
a lm o s t  a lw ay s  se e n  a t  S a l t c o a t s ,  r e g u la r y  o v e r th e  n e x t te n  m onths 
b u t  o n ly  s p o r a d ic a l ly  in  th e  f i n a l  w in te r .  I t s  c e n t r e  o f  a c t i v i t y  
th u s  s h i f t e d  2.1 km d u r in g  th e  s tu d y  (and p o s s ib ly  f u r t h e r ,  i f  th e  
b i r d  was u s in g  a t h i r d ,  u n d is c o v e re d , ran g e  in  th e  f i n a l  y e a r ) .  As
I
i t s  ran g e  was c a l c u l a t e d  u s in g  a l l  th e  s ig h t in g s  (so e f f e c t i v e l y  
combining two ranges), i t s  la rg e  s iz e  i s  a t  l e a s t  p a r t ly  an a r te f a c t .  
I f  th i s  in d iv id u a l i s  ru le d  o u t, th e  la r g e s t  home range o f a  re s id e n t 
tu rn s to n e  in  th e  sam ple was 10.4 ha. The two ju v e n ile s  had ranges o f 
5.5 and 6.4 h a , s i m i l a r  to  th e  o v e r a l l  m edian  v a lu e . They showed no 
in d i c a t io n  o f  a l t e r i n g  t h e i r  ra n g e  s i z e  o r lo c a t io n  betw een  t h e i r  
f i r s t  and second w in te rs .
Exam ples o f  home ra n g e s  o f  b i r d s  in  d i f f e r e n t  p a r t s  o f  th e  
s tu d y  a r e a  a r e  shown in  F ig u re  3.4 (a) -  ( i ) .  T hese d e m o n s tra te  th e  
v a r i a b i l i t y  b e tw e e n  i n d i v i d u a l  r a n g e s  i n  b o th  l o c a t i o n  and
I
:
co m p ac tn ess . For in s t a n c e ,  b i r d  057 (F ig .3.4 (b)) s p e n t  m ost o f  i t s
t im e  j u s t  on N o rth  R ocks, w h e rea s  004 (Fig 3.4 (a)) u t i l i z e d  t h i s  
same a re a  b u t  a l s o  a l a r g e  s e c t i o n  o f  N o rth  B each. The p o s s i b i l i t y
-3
F ig ,3 .4 . (a) to  (i) Exam ples o f  tu r n s to n e  home ra n g e s  o v e r th e
exposure p e riod , (j) Examples o f tu rn s to n e  fo rag in g  home ranges over 
the  h igh  t id e  p e rio d . Home ranges a re  in d ic a te d  in  b lack , w h ile  a re as  
o f s u i ta b le ,  b u t u n u t i l is e d ,  h a b i ta t  a re  speckled .
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Iju v e n i le )  and 007, F ig .3.4 (h) & ( i) )  w ere o n ly  e v e r  found on N orth  
Beach. S im ila r i ly  b ird  124 was a lm o st alw ays found a t  C o a lru ffie  (e), 
w h e rea s  107 moved b e tw een  C o a l r u f f i e ,  S a l t c o a t s ,  S outh  and N orth  
Rocks (c). The p ro p o rtio n  o f  b ird s  th a t  were seen a t  both ends o f th e  
s tu d y  a re a  was v e ry  s m a l l ;  o f  th e  494 ex p o su re  p e r io d  s ig h t in g s  o f 
r e s i d e n t  b i r d s  o f  N o rth  B each , o n ly  1.4 % w ere a t  S te v e n s to n , w h ile
on av e rag e  e v e ry  2.3 d ay s  in  l a t e  s p r in g ,  b u t o n ly  e v e ry  8.4 d ay s  o f 
fie ld w o rk  in  w in te r) . Thus th e  ap p a ren tly  g re a te r  vagrancy in  sp rin g
I
;o n ly  0.2 % o f  550 s ig h t in g s  o f  S te v e n s to n  r e s i d e n t s  w ere made a t  
North Beach. T herefo re  movements o f as l i t t l e  as 6 km were ra re , both 
w ith in  and betw een w in te rs . Some b ird s  had rem arkably s im ila r  ranges 
-  f o r  i n s t a n c e  1 2 1 , 117 and  124 ( F i g s .3 .2  an d  3 .4  (d) & (e) î|i
r e s p e c t iv e ly ) .  A l l  th r e e  u sed  C o a l r u f f i e  a t  low w a te r ,  and th e  
rem aining p a r t  o f  S a ltc o a ts  th a t  was s t i l l  exposed when C o a lru ff ie  
was covered by w ater. At the  h igher t i d a l  le v e ls  they  would th e re fo re  
come in  c o n ta c t w ith  126 (Fig.3.4 (f )) , a b ird  which however rem ained 
in  the  a re a  o f S a ltc o a ts  as th e  t id e  dropped.
There i s  some evidence th a t  a l in k  e x i s t s  between the  s iz e  o f a
?b i r d 's  home range and i t s  dominance s ta tu s ;  t h i s  w i l l  be examined in  
Chapter 4 w ith  th e  an a ly se s  o f  dominance.
There were sea so n a l changes in  the  r e g u la r i ty  w ith  which b ird s  ' |
w ere  seen  o u ts id e  t h e i r  n o rm al home ra n g e s . By d e f i n i t i o n ,  10 % o f  
e x p o su re  p e r io d  s i g h t i n g s  b e tw een  S ep tem ber and A p r i l  1 5 th  w ere 
o u ts id e  a b i r d 's  home ra n g e ; t h i s  ro s e  to  23.0 % (40 o u t o f  174) in  
th e  l a t e  sp rin g  p e rio d , from A p ril 15th u n t i l  th e  b ird s  had m igrated  
to  th e  b re e d in g  g ro u n d s  (G oodness o f  f i t  t e s t ,  = 32 .4 , 1 d f . ,  P <
0 .001). S e v e ra l  o f  th e  'a b e r r a n t '  s p r in g  s i g h t in g s  w ere from  th e  
M cCrindies reg io n  o f  th e  s tudy  a rea . By l a t e  sp rin g , few er b ird s  were 
to  be o b se rv ed  in  o th e r  a r e a s ,  and so  M cC rin d ies  ten d ed  to  be 
searched more fre q u e n tly  in  th a t  p e rio d  than  in  w in te r  (being v is i t e d
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#could have been due to  my f a i l in g  to  sea rch  fo r b ird s  a t  McCrindies
d u r in g  th e  r e s t  o f  th e  y e a r .  H ow ever, no v a g ra n t  b i r d s  w ere seen  on
th e  v i s i t s  th a t  were made to  McCr in d ie s  during  th e  w in te r , and th e re
was s t i l l  a s i g n i f i c a n t l y  g r e a t e r  p r o b a b i l i t y  o f  s e e in g  a b i r d
o u ts id e  i t s  home ra n g e  in  l a t e  s p r in g  even when s ig h t in g s  a t
2McCr in d ie s  w ere e x c lu d e d  (G oodness o f  F i t ,  X = 6 .8 2 ., 1 d f , ,  P < $3
0 . 01) .
F ig u re  3.5 show s th e  p r o p o r t io n  o f  s ig h t in g s  a t  d i f f e r e n t  
p e r io d s  o f  th e  w in te r  and s p r in g  t h a t  w ere a t  l e a s t  500 m from  th e  
n e a r e s t  p a r t  o f  a  b i r d 's  home ra n g e ; i t  i s  c l e a r  t h a t  many o f  th e s e  
a b e rra n t movements took b ird s  w e ll o u ts id e  th e i r  norm al home ranges 
(w hich w ere o f te n  l e s s  th a n  500 m in  d ia m e te r ) .  The p r o p o r t io n  i s  
g iv e n  fo r  l a t e  s p r in g  b o th  w ith  and w ith o u t  th e  in c lu s io n  o f 
s ig h t in g s  made a t  M cC rin d ies  (no a b e r r a n t  s i g h t in g s  w ere made a t  
M cC rin d ies  d u r in g  th e  r e s t  o f  th e  y e a r ) .  T here  a r e  c l e a r  s e a s o n a l
s ig n if ic a n t  ( X  ^ -  1.05, 1 d f . ,  NS). There was no c o r r e la t io n  between
b ird s  moving in to  th e  p re fe r re d  a re a s  as th e  d e n s ity  o f b ird s  in  the
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t r e n d s  in  th e  e x t e n t  o f  m o b i l i t y  o f  b i r d s ,  w ith  t h e i r  b e in g  m ost 
r e s t r i c t e d  in  t h e i r  m ovem ents in  m id - w in te r ,  and more v a g i l e  in  
autum n and e s p e c i a l l y  l a t e  s p r in g .  In  th e  l a t t e r  p e r io d ,  th e  
p ro p o r t io n  o f  s i g h t i n g s  m ore th a n  500 m from  th e  home ran g e  i s  
s i g n i f i c a n t l y  g r e a t e r  (even e x c lu d in g  McCr in d ie s  data) than  during 
m id -w in te r  (N ovem ber-m id A p r i l )  ( = 4.34, 1 d f , ,  P < 0 .05),
w hereas the  d if fe re n c e  betw een autumn and m id -w in ter p e rio d s  i s  no t
the  nunÜDer o f s ig h tin g s  more th an  500 m from a  b i r d 's  home range and 
th e  s iz e  o f th a t  range (c o r re la t io n  in c lu d in g  M cCrindies s ig h tin g s :
tg  = 0,062, n = 34, NS; c o r r e l a t i o n  e x c lu d in g  McCr in d ie s  s ig h t in g s ;  
tg  -  -0 ,0 0 5 , n = 34 , NS). T hese  m ovem ents co u ld  have been  due to
s tudy  a rea  decreased ; however, th e re  was no evidence fo r  moving b ird s
F ig .3 .5. The p e rc e n ta g e  o f  o b s e r v a t io n s  o f re s id e n t  tu rn s to n e s  th a t  
were more than 500m from th e i r  home range, d u ring  d i f f e r e n t  p e rio d s  
o f  th e  y e a r .  The t o t a l  number o f  o b s e r v a t io n s  i s  g iv e n  a d ja c e n t  to  
each p o in t; th e  p o in t fo r  m id-A pril to  May lin k e d  by th e  dashed l in e  
inc lu d es  s ig h tin g s  made a t  McCr in d ie s , w h ile  th a t  lin k ed  by th e  s o l id  
l in e  excludes them. See te x t  fo r  d e t a i l s .
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a r e  i l l u s t r a t e d  in  F ig u re  3.6 (a); th e  dendrogram  shows th e
th e  d ia g ra m  tw o b i r d s  a r e  l in k e d ,  th e  g r e a t e r  was th e  a s s o c ia t i o n  
b e tw een  them . Thus th e  m o st c l o s e l y  l in k e d  b i r d s  w ere  022 and 701,
to  co n cen tra te  in  p a r t ic u la r  a re a s . For in s ta n c e , f iv e  o f the  eleven 
sp rin g  s ig h tin g s  o f  b ird s  no rm ally  re s id e n t  a t  S tevenston  th a t  were 
g re a te r  than  500m from th e i r  home range were made a t  C o a lru ffie  or 
S a ltc o a ts ,  w hile  n ine  o u t o f  te n  such sp rin g  s ig h tin g s  o f  C o a lru ffie  
and S a ltc o a ts  r e s id e n ts  were a t  S tev en sto n ,
3 .2 .2  Turnstone Hcxite Ranges over th e  High Tide P eriod
O nly fo u r  b i r d s  s a t i s f i e d  th e  c r i t e r i a  s e t  fo r  d e te rm in in g  a 
b i r d 's  home ran g e  -  o th e r  m arked N o rth  Beach b i r d s  w ere n o t seen  
f re q u e n tly  enough due to  e i th e r  having been marked l a t e  in  th e  study
o r p re su m ab ly  sp en d in g  some h ig h  t i d e s  on H orse I s la n d .  The ra n g e s  
a r e  shown in  F ig u re  3.4 ( j ) ;  t h e i r  a r e a s  ran g ed  from  2.4 to  5.1 ha , 
w ith  a  m edian  o f  3.5 ha . Even w i th  t h i s  s m a l l  sam p le  i t  i s  a g a in  
ap p aren t th a t  some b ird s  have very  s im ila r  ranges; t h i s  i s  shown more 
s tro n g ly  in  th e  a n a ly s is  o f th e  a s s o c ia t io n s  betw een a  la rg e r  sample 
o f N orth Beach b ird s  a t  h igh  t id e .
3 .2 .3  A sso c ia tio n s  Between In d iv id u a l T urnstones _
S in g le  L inkage C lu s te r  A n a ly se s  o f  th e  a s s o c i a t i o n s  betw een
b i r d s ,  u n c o r re c te d  f o r  th e  e x t e n t  o f  ra n g e  o v e r la p ,  g e n e r a l ly
.p ro d u ced  r a th e r  d i f f u s e  c l u s t e r s .  The r e s u l t s  o f  one such  a n a ly s i s
a s s o c ia tio n s  between b ird s  commonly seen on N orth Beach during th e  
exposure p e rio d , in  th e  p e rio d  from December 1981 (when a l l  the  b ird s
were marked) to  May 1983 (or u n t i l  a  b ird  d ied ). The sample has been 
l im ite d  to  b ird s  found in  on ly  p a r t  o f the  s tudy  a re a  so as  to  reduce 
th e  p ro p o rtio n  o f p a i r s  o f b ird s  th a t  were never seen  to g e th er.
The l i n e s  i n d i c a t e  th e  l in k a g e s  b e tw een  b i r d s ;  th e  h ig h e r  up
fo llo w e d  by 016 and 020, The l a t t e r  p a i r  w ere a l s o  q u i t e  o f te n  seen
f;;v
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Fig .3,6. Dendrograms i l l u s t r a t i n g  th e  SLCA o f  a s s o c ia t io n s  between 14 
tu r n s to n e s  r e s i d e n t  on N o rth  B each, (a) A s s o c ia t io n s  d u r in g  th e  
ex p o su re  p e r io d ,  (b) A s s o c ia t io n s  in  fo ra g in g  f lo c k s  o v e r th e  h ig h  
w ater p e rio d . See te x t  fo r  d e t a i l s .
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Mw ith  001, 007 and 013, w h ile  le s s  a ttachm en t to  th i s  group was shown 
by 008, 012, 018 and so  on.
Thus th e  g e n e r a l  p a t t e r n  i s  o f  a s m a ll  c o re  o f c lo s e ly  
a s s o c ia te d  b i r d s  (e .g . 001, 016, 020, 007 and 013) to  w hich o th e r  
b i r d s  a re  p e r i p h e r a l l y  l in k e d .  A s i m i l a r  r e s u l t  was o b ta in e d  fo r  
a n o th e r  sam ple  o f  14 b i r d s  b a sed  on S a l t c o a t s  and C o a l r u f f ie .  A 
s l i g h t  c o n t r a s t  was found in  th e  p a t t e r n  o f a s s o c ia t i o n s  th e  same 
N o rth  Beach b i r d s  e x h ib i t e d  when fo ra g in g  a t  h ig h  w a te r  (F ig .3.6 
(b)). The o v e r a l l  l e v e l  o f  a s s o c i a t i o n  was h ig h e r  th a n  d u r in g  th e  
e x p o su re  p e r io d ,  w ith  th e  m a jo r i ty  o f  b i r d s  p la c e d  in  th e  same 
c lu s te r  a t  an a s s o c ia t io n  le v e l  o f  0.65, However, b ird s  018, 010 and t
012 were le s s  o f te n  seen w ith  t h i s  main group, w hile  022 and 701 (the 
same p a i r  a s  w ere  c l o s e l y  a s s o c ia t e d  in  F ig u re  3,6 (b)) showed some 
in d i c a t io n  o f  fo rm in g  a s e p a r a te  g ro u p . D e sp ite  t h i s ,  th e  g e n e r a l  
p a t te rn  i s  n o t one o f  very  t i g h t  c lu s te r s .
As th e se  p re lim in a ry  SLCA t e s t s  showed th a t  tu rn s to n e s  d id  no t
,l iv e  in  d is c r e te  groups o f f ix e d  membership ('c losed  groups '), b u t in  
groups o f a ra th e r  more f lu id  n a tu re , fu r th e r  an a ly ses  were conducted 
u s in g  S ib s o n - J a r  d in e  B(2) c l u s t e r s  co u p led  w ith  m u lti-d im en sio n a l 
s c a lin g , a s  th e se  allow ed  a more f le x ib le  re p re se n ta tio n  o f the  d a ta . 
A sso c ia tio n  P a tte rn s  in  R e la tio n  to  Season a t  C o a lru ff ie
F ig u re  3.7 i s  th e  m u l t i - d im e n s io n a l  s c a l in g  p o r t r a y a l  o f th e  
in te r - r e la t io n s h ip s  o f  14 b ird s  t h a t  re g u la r ly  used th e  S a ltc o a ts  and 
C o a lru ffie  a reas . The d a ta  have been d iv id ed  in to  two p e rio d s  o f the  
y e a r ;  'w in te r '  (S ep tem ber to  F eb ru a ry ) and 's p r in g ' (March to  May). 
Two-dim ensional s o lu t io n s  d id  n o t unduly d i s t o r t  th e  d a ta  (K ruskal's 
S tre s s  Formula 1 being equal to  0.09 fo r w in te r and 0.11 fo r  sp rin g , 
v a lu e s  w hich  in d i c a t e  ' f a i r '  an d  'm o d e ra te *  l e v e l s  o f  s t r e s s  
r e s p e c t iv e ly  (L in g o es & Roskam 1973)). The p ro x im ity  o f  a p a i r  o f
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F ig .3.7. M u lt id im e n s io n a l  s c a l in g  d ia g ra m s  o f  th e  a s s o c i a t i o n s  
betw een  14 tu r n s to n e s  r e s i d e n t  a t  C o a l r u f f i e  and S a l t c o a t s .  A lso  
shown a re  th e  S ib so n -Ja rd in e  B(2) c lu s te r s  e x is t in g  a t  th e  le v e l  o f 
th e  median c o e f f ic ie n t  o f a s s o c ia tio n  (so lid  lin e )  and th e  median + 
0.1 l e v e l  (dashed l i n e ) ,
(a) A s s o c ia t io n s  b e tw een  S ep tem ber and F e b ru a ry , (b) A s s o c ia t io n s  
l3etween March and May. See t e x t  fo r  d e t a i l s .
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p o in t s  in d i c a t e s  th e  f re q u e n c y  w ith  w hich th o s e  b i r d s  w ere seen  
to g e th e r .  For ex am p le , in  w in te r ,  b i r d  117 was seen  f a r  more
There a re  v a rio u s  d if fe re n c e s  between w in te r and sp ring  in  the  
p a t t e r n s  o f  a s s o c i a t i o n  in  th e  sam p le . B ird s  107 and 123 w ere more 
o f t e n  see n  w ith  b i r d s  in  th e  m ain  c l u s t e r  (and w ith  each  o th e r )  in  
s p r in g  th a n  in  w in te r .  The c o m p o s i tio n  o f  th e  m ain c l u s t e r  changed 
com paratively  l i t t l e ;  e ig h t  o f  th e  n ine  b ird s  in  th e  inner c lu s te r  in  
w in te r were s t i l l  w ith in  i t  in  sp rin g , and th e  n in th  (030) was lin k ed
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fre q u e n tly  w ith  121 than  w ith  107, and b ird  126 was ra re ly  seen w ith  
any o f the  o th e r b ird s  in  th e  sam ple. A p o in t  to  remember i s  th a t  tlie
a b s o lu te  p o s i t i o n  o f  a p o in t  i s  i r r e l e v a n t ;  i t  i s  i t s  p o s i t i o n
r e la t iv e  to  o th e rs  th a t  i s  im p o rtan t. Also shown on th e  diagram  are
c lu s te r s  id e n t i f ie d  by th e  B(2) method. The le v e ls  o f a s so c ia tio n  a t  
w hich  th e  c l u s t e r s  w ere d raw n w ere  p re d e te rm in e d , so a s  to  g iv e  
u n b ia se d  and o b je c t iv e  a s s e s s m e n ts  o f  th e  g ro u p in g s  form ed by th e
sam p le . The two l e v e l s  ch o sen  w ere  t h a t  o f  th e  m edian J a c c a r d ’s  
c o e f f i c i e n t  o f  a s s o c i a t i o n  b e tw een  b i r d s  in  th e  sam p le , ( i .e .  0.111 
in  w in te r , 0.200 in  sp r in g ) , and th e  median c o e f f ic ie n t  + 0.100 (i.e . 
0.211 in  w in te r ,  0.300 in  s p r in g ) .  B ird s  in  s e p a r a te  c l u s t e r s  a t  th e  
h ig h er le v e l  o f a s s o c ia tio n  may be p laced  in  th e  same c lu s te r  a t  the  
more re lax ed  le v e l  (an example in  F igure  3.7 (a) being b ird s  115 and 
123),
The d ia g ra m s  a l s o  i l l u s t r a t e  th e  c o n c e p t o f  o v e r la p p in g  
c l u s t e r s .  For in s ta n c e ,  in  (a) th e  p re s e n c e  o f  b i r d  025 in  th e  l a r g e  
c l u s t e r  a t  th e  lo w er a s s o c i a t i o n  l e v e l  i s  e v id e n t ly  l a r g e ly  due to  
i t s  l in k  w ith  117. T h is  i s  a good exam ple  o f  th e  g e n e r a l  p o in t  t h a t  
many 'p e r i p h e r a l '  b i r d s  w ere  in c lu d e d  in  a c l u s t e r  due to  t h e i r  
having o f te n  been seen w ith  p a r t i c u la r  co re  members o f the  c lu s te r ,  
r a t h e r  th a n  due to  an a s s o c i a t i o n  w ith  th e  g ro u p  a s  a  w hole . T h is  
in d ic a te s  th a t  b ird s  w ith in  a co re  group d id  n o t move as one u n it.
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to  i t  by a  c l u s t e r  o v e r la p .  T hese  d ia g ra m s  o n ly  in d ic a te  r e l a t i v e  
le v e ls  o f a s s o c ia tio n , and th e  a p p a re n tly  g re a te r  is o la t io n  o f 025 in
d i s t i n c t ly  bim odal d i s t r ib u t io n ,  which in d ic a te s  th a t  th e  in d iv id u a l
;
s p r in g  i s  in  f a c t  cau sed  n o t  by a d e c r e a s e  in  i t s  a s s o c i a t i o n  w ith
o th e r  b i r d s ,  b u t  by a f a i l u r e  to  in c r e a s e  i t s  a s s o c i a t i o n s  in  s te p  
w ith  th e  p o p u la t io n  a s  a w ho le . F ig u re  3.8 shows t h a t  th e r e  was a 
s ig n i f ic a n t  o v e ra ll  in c re a se  in  th e  c o e f f i c i e n t s  o f  a s s o c i a t i o n  in  
s p r in g .  T here  was no in c r e a s e  in  th e  p ro p o r t io n  o f  b i r d s  t h a t  w ere 
v e ry  h ig h ly  a s s o c ia te d ;  r a t h e r ,  th e  change was cau sed  by a d ro p  in  
th e  p ro p o rtio n  o f b ird s  t h a t  were never seen to g e th e r. In  w in te r , 21 
o f  th e  p o s s ib le  91 p a i r i n g s  w ere  n e v e r o b se rv e d , w h ereas in  s p r in g  
t h i s  d ropped  to  o n ly  tw o o u t  o f  th e  91. F ig u re  3.8 a ls o  shows th e  
sep a ra te  frequency d is t r ib u t io n s  o f th e  a s s o c ia tio n  c o e f f ic ie n ts  fo r
I
;
w i t h i n - c l u s t e r  and b e tw e e n - c lu s te r  p a ir in g s . In  n e ith e r  w in te r nor 
sp rin g  a re  the  two c a te g o r ie s  d i s t i n c t .  Had th e  s i tu a t io n  been one o f 
c lo sed  groups, th e  d i s t r ib u t io n  would have been c le a r ly  bim odal, w ith  
b ird s  showing e i th e r  high o r no a s s o c ia t io n  w ith  each o th er. 
A sso c ia tio n  P a tte rn s  in  R e la tio n  to  T id a l S ta te  on N orth Beach
The same d a ta  o f exposure p e rio d  and h igh  w ater a s s o c ia tio n s  on 
N orth Beach th a t  were p resen ted  a s  a SLCA in  F igure 3.6 are  shown in  
F ig u re  3 ,9 , a f t e r  MDS and B(2) c l u s t e r  a n a ly s e s .  Much th e  same 
p a t te rn  e x is t s  du ring  th e  exposure p e rio d  a s  in  F igure  3,7. However, 
a t  high w ater th e  c lu s te r s  a re  very  much more d i s t i n c t  (Fig.3.9(b)}, 
w ith  very  l i t t l e  in d ic a tio n  o f any l in k  between th e  la rg e  and sm all 
c lu s te r s  o f 12 and 2 b ird s  re s p e c tiv e ly . The frequency d i s t r ib u t io n  
o f  a s s o c i a t i o n  c o e f f i c i e n t s  (F ig .3.10) shows th a t  w hile  th e  average
a s s o c i a t i o n  c o e f f i c i e n t  was much h ig h e r  a t  h ig h  w a te r ,  b e tw ee n - 
c l u s t e r  a s s o c i a t i o n s  w ere  s t i l l  v e ry  low . T h is  r e s u l t s  in  a
:lt
com position o f groups was more f ix e d  a t  h igh  w ater. The d is t r ib u t io n
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F ig ,3 .8 . F requency  d i s t r i b u t i o n s  o f  th e  c o e f f ic ie n ts  o f a s s o c ia tio n  
betw een  a l l  p o s s ib le  p a i r i n g s  (n=91) o f  th e  same 14 tu r n s to n e s  
re s id e n t a t  C o a lru ff ie  and S a ltc o a ts  which were p o rtray ed  in  Fig.3,7, 
The freq u e n cy  d i s t r i b u t i o n  o f  a s s o c i a t i o n s  fo r  th o s e  p a i r s  p la c e d  
w ith in  th e  same S ib s o n - J a r d in e  B(2) c l u s t e r  a t  th e  m edian  l e v e l  o f  
a s so c ia tio n  i s  in d ic a te d  by shading.
(a) 3 0
2 0
FREQUENCY
15
m
«
15i
FREQUENCY
104
0 01 0 2  0 3 0 4  0 5  0 6
COEFFICIENT OF ASSOCIATION
F ig .3.9. M u lt i -d im e n s io n a l  s c a l in g  d ia g ra m s  o f  th e  a s s o c i a t i o n s  
between 14 tu rn s to n e s  re s id e n t  a t  North Beach; b ird s  lin k ed  w ith in  
th e  same S ib so n -Ja rd in e  B(2) c lu s te r s  a re  in d ic a te d  by shading as in  
F ig .3 .7 .
(a) A s s o c ia t io n s  d u r in g  th e  ex p o su re  p e r io d ,  (b) A s s o c ia t io n  among 
fo r a g in g  b i r d s  o v e r th e  h ig h  w a te r  p e r io d ;  th e  r e l a t i v e  d i s t a n c e  
a p a r t  o f  th e  tw o m ain c l u s t e r s  i s  shown w i th in  th e  box, w h ile  th e  
c lu s te r s  a re  en larged  beneath  to  i l l u s t r a t e  th e  d e t a i l s  w ith in  them, 
K ru sk a l’s S t r e s s  F orm ula  1 f o r  (a) i s  0 .142, and f o r  (b) 0.000 
( le v e l s  d e s c r ib e d  by L in g o es  and Roskam (1973) a s  "m o d era te"  and 
"ex ce llen t"  re sp e c tiv e ly )  in d ic a tin g  th a t  2-D re p re s e n ta tio n s  do n o t 
d i s t o r t  th e  da ta .
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Fig.3.10. Frequency d i s t r ib u t io n s  o f th e  c o e f f ic ie n ts  o f a s s o c ia tio n  
be tw een  a l l  p o s s ib l e  p a i r i n g s  (n=91) o f  th e  same 14 tu r n s to n e s  
p o r tr a y e d  in  F ig .3.9 . For f u r t h e r  d e t a i l s  s e e  t e x t ,  and le g en d  to  
P ig .3 .8 .
(a) 30i 
25 
20\
FREQUENCY
1 5 -
1 0
(b) 2 O1
15
FREQUENCY
10
5 4
I
O 0 2  0 4  0 6  0 8  
COEFF. OF ASSOCIATION
i
!
I
Î
  — ,
o f  h ig h  w a te r  s i g h t i n g s  o f  th e  tw o g ro u p s  (P ig .3.11) shows t h a t  th e  
s e p a r a t io n  i s  p a r t l y  s p a t i a l ;  th e  two b i r d s  in  th e  s m a l le r  c l u s t e r  
(022 and 701) w ere o n ly  see n  a t  th e  s o u th e rn  end o f  th e  b each , and 
showed r e s t r i c t e d  o v e r la p  in  ran g e  w ith  th e  tw e lv e  o th e r  b i r d s .  
S ig h tin g s  were co n cen tra ted  a t  th e  p o in ts  where dead wrack was most 
f re q u e n tly  d e p o s ite d ,
3 .2 .4  The A f f i la t io n s  between T urnstones, C o rrec tin g  fo r Home Range 
O verlap
R e f e r r in g  back  to  F ig u re s  3 ,2 , 3.4 and 3 .7 , i t  i s  c l e a r  t h a t  
th e  e x te n t  o f  a s s o c i a t i o n  b e tw een  b i r d s  was l a r g e l y  d ep en d en t on 
w h e th e r th e y  w ere  u t i l i s i n g  th e  same a r e a s  o f  th e  c o a s t .  For 
in s ta n c e ,  b i r d s  117, 121 and 124 had v e ry  s i m i l a r  home ra n g e s  and 
w ere c o n s e q u e n tly  o f t e n  s e e  to g e th e r .  In  c o n t r a s t ,  a l l  th r e e  w ere 
in f r e q u e n t ly  s e e n  w i th  126 due to  o n ly  a s m a l l  o v e r la p  in  home 
ranges, and w h ile  th e  range o f 107 overlapped co n sid e rab ly  w ith  most 
o th e r  b i r d s  in  th e  sam p le , i t  was so la r g e  an a r e a  t h a t  th e  b i r d 's  
d e g re e  o f  a s s o c i a t i o n  w ith  any o th e r  was a c t u a l l y  q u i t e  low . 
T h e re fo re ,  b e fo re  a  m ore d e t a i l e d  a n a ly s i s  o f  th e  a f f i l i a t i o n s  o f  
b ird s  could be c a r r ie d  o u t, th e  connection  between range overlap  and 
le v e l o f a s s o c ia tio n  had to  be examined. As th e  s iz e  o f a home range 
m ig h t be a f f e c t e d  by h a b i t a t  ty p e  o r q u a l i t y ,  th e  sam ple o f  b i r d s  
used  in  t h i s  a n a l y s i s  was r e s t r i c t e d  to  th o s e  r e s i d e n t  in  one 
p a r t i c u l a r  r e g io n  o f  th e  s tu d y  a r e a .  The l a r g e s t  such  sam ple fo r  
which both  home range s iz e  and degree o f a s s o c ia tio n  were known were 
th o s e  a t  C o a l r u f f i e  and S a l t c o a t s ,  The sam ple  i s  th e  same a s  t h a t  
shown in  F ig u re  3 .7 , e x c e p t  fo r  th e  o m is s io n  o f  b i r d  115, due to  i t  
n o t  h a v in g  b e e n  s e e n  f r e q u e n t l y  en o u g h  f o r  i t s  r a n g e  to  be  
determ ined.
F ig u re  3,12 show s th e  r e l a t i o n s h i p  b e tw een  th e  c o r r e c te d  
c o e f f i c i e n t  o f  ra n g e  o v e r l a p  (R^g -  s e e  e q u a t i o n  3) and th e
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F ig .3,11, D i s t r i b u t i o n  o f  s ig h t in g s  on N o rth  Beach o v er th e  h ig h  
w ater pe rio d  o f th e  14 tu rn s to n e s  p o rtray ed  in  Fig.3.9. S ig h tin g s  o f 
th e  12 b i r d s  p la c e d  w i th in  th e  l a r g e r  c l u s t e r  a r e  shown a s  open 
c i r c l e s ,  w h ile  those  o f th e  2 b ird s  p laced  w ith in  th e  sm a lle r  c lu s te r  
a re  shown as s o l id  c i r c l e s .
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Fig.3.12. The r e la t io n s h ip  between th e  c o - e f f ic ie n t  o f a s s o c ia tio n  o f 
a p a ir  o f b ird s  and th e  c o e f f ic ie n t  o f th e i r  home range o v erlap , fo r 
th e  78 p o s s ib le  p a i r i n g s  o f  13 b i r d s  r e s i d e n t  a t  C o a l r u f f i e  and 
S a ltc o a ts . Both c o e f f ic ie n ts  were c a lc u la te d  u sing  o b se rv a tio n s  made 
o v e r  th e  sam e t im e  p e r i o d .  The b e s t  f i t  to  t h e  d a t a  w as an  
ex p o n en tia l re g re ss io n  l in e :
y = -0 .3 9 9 e " l '3 7 *  + 0.419; r  = 0 .678 , P<0.02
COEFFICIENT OF ASSO CIATIO N
c o e f f i c i e n t  o f  a s s o c i a t i o n  (A ^  -  e q u a tio n  4) fo r  th e  78 p o s s ib le  
p a ir in g s  o f th e  13 b ird s  examined; a l l  d a ta  r e f e r  to  exposure p e rio d  
s ig h t in g s  o v e r th e  p e r io d  from  S eptem ber to  A p r i l  1 5 th , The 
r e l a t i o n s h i p  i s  e x p o n e n t ia l  r a t h e r  th a n  l i n e a r ,  and a lth o u g h  th e  i
p o s i t i v e  c o r r e l a t i o n  i s  h ig h ly  s i g n i f i c a n t ,  th e re  i s  s t i l l  s c a t te r  
a b o u t th e  l i n e .  T h is  i n d i c a t e s  t h a t  some p a i r s  o f  b i r d s  w ere  seen  
to g e th e r  e i t h e r  m ore o r l e s s  f r e q u e n t ly  th a n  w ould (on av erag e) be 
expected on th e  b a s is  o f  th e i r  home range overlap . The e x te n t o f t h i s  
d e p a r tu r e  from  an e x p e c te d  d e g re e  o f  a s s o c i a t i o n  can  th e r e f o r e  be 
u sed  a s  a c o r r e c t e d  in d ex  o f  a f f i l i a t i o n  (or av o id an ce ) be tw een  
b ird s , w ith  p o s i t iv e  and n eg a tiv e  r e s id u a ls  in d ic a tin g  re s p e c tiv e ly  
h igher and low er a s s o c ia tio n s  than  expected.
The c o e f f ic ie n t  o f range o v e rlap  (R^) was most prone to  e r ro r  
in  s i t u a t i o n s  o f  o n ly  a s m a l l  o v e r la p  in  ra n g e , a s  o n ly  a s l i g h t  
change in  ran g e  b o u n d a r ie s  c o u ld  le a d  to  d i s p r o p o r t i o n a t e ly  g r e a t  
ch an g es  in  th e  a r e a  o f  th e  o v e r la p .  In  a d d i t io n ,  th e  s lo p e  o f  th e  
o v e r la p /a s s o c ia tio n  curve was s te e p e s t  when th e  amount o f o v erlap  was 
s m a ll  (F ig .3 .1 2 ), so  t h a t  a s m a l l  e r r o r  in  w ould le a d  to  a much 
g r e a t e r  d i f f e r e n c e  in  th e  e x p e c te d  A ^  th a n  fo r  p a i r s  w ith  g r e a te r  
o v e r la p .  T h e re fo re  t h i s  f i n a l  a n a ly s i s  was r e s t r i c t e d  to  th e  n in e  
marked b ird s  w ith  g r e a te s t  o v e rlap , which were th e  same nine b ird s  as 
p la c e d  in  th e  m ain c l u s t e r  in  F ig u re  3 .7 (a ). In  t h i s  sub g ro u p , th e  
minimum value  fo r  R ^  was 0.45, and on ly  14% o f th e  v a lues were le s s  
than  0.75 (compared to  60% in  th e  com plete sam ple).
The d is c re p a n c ie s  between th e  expected and a c tu a l  a s so c ia tio n  
c o e f f ic ie n ts  were e n te red  a s  th e  m easures o f s im i la r i ty  in  a f in a l  
m u lti-d im en sio n a l s c a lin g  a n a ly s is ,  th e  r e s u l t s  o f  which a re  shown in  
F ig u re  3.13. I t  i s  c l e a r  t h a t  b i r d  030, shown to  be a t  th e  edge o f  
th e  m ain c l u s t e r  in  F ig u re  3 .7 , i s  s t i l l  p e r ip h e r a l  even a f t e r
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F ig .3 .13. A m u l t i - d im e n s io n a l  s c a l in g  d ia g ra m  o f  th e  a s s o c i a t i o n s  
b e tw een  n in e  t u r n s to n e s ,  a f t e r  c o r r e c t io n  f o r  home ran g e  o v e r la p .  
K ru s k a l 's  S t r e s s  Form ula  1 -  0,098 ( " f a i r "  a c c o rd in g  to  L in g o es  and 
Roskam (1973)), i n d i c a t i n g  t h a t  a 2-D r e p r e s e n t a t i o n  i s  n o t  
d is to r t in g  th e  d a ta .
1 1 9 # # 0 3 9
c o r r e c t i o n s  f o r  ran g e  o v e r la p .  C o n v e rse ly , b i r d s  039, 118, 119 and 
125 a re  more c e n t r a l ly  lo c a ted , having th e  g r e a te s t  a f f i l i a t i o n s  o f 
any b ird s  in  th e  sample. The re la t io n s h ip s  between th e  a f f i l i a t i o n s  
o f b ird s  and th e i r  dominance rank w i l l  be examined in  th e  se c tio n  on 
dom inance ( s e c t io n  4.2.2) in  Chapter 4.
3 .3  D iscussion
The harm onic mean method o f home range d e te rm in a tio n  used in  
t h i s  s tu d y  c l e a r l y  g iv e s  a  m ore a c c u r a te  d e s c r i p t i o n  o f  a b i r d 's  
range than  most ( i f  no t a l l )  o th e r p r o b a b i l i s t ic  techn iques; methods 
such a s  th e  p ro b a b i l i ty  e l l ip s e  produce range shapes th a t  o f te n  bear 
l i t t l e  resem blance to  th e  d is t r ib u t iu o n  o f o b se rv a tio n s  (e.g Baker & 
M e w a ld t 1 9 7 9 ) . W h ile  t h e  h a rm o n ic  m ean m e th o d  c a n  p ro d u c e  
d isco n tin u o u s  ranges which focus on p a tch es  of o b se rv a tio n s , i t  was 
s t i l l  necessa ry  in  t h i s  s tudy  to  d isco u n t some a re a s  o f a c a lc u la te d  
ra n g e  on th e  g ro u n d s  t h a t  th e y  c o n s t i t u t e d  an u n s u i ta b le  (and 
th e re fo re  unused) h a b i ta t .  The techn ique had f a i le d  to  exclude such 
a r e a s  due to  t h e i r  c o n t ig u i ty  w ith  s u i t a b l e  h a b i t a t s  (e.g . sea  and 
rocks). However, use o f a method th a t  produced a d isco n tin o u s  range 
was s t i l l  j u s t i f i e d ,  as i t  a llow ed th e  ex c lu sio n  o f a re a s  o f s u i ta b le  
b u t u n u t i l is e d  h a b i ta t  in  th e  'm idd le ' o f  a b ird 's  range.
The v a r i a t i o n  in  home ra n g e  s i z e  was n o t  p r i m a r i l y  due to  
d i f f  e re n c e s  in  h a b i t a t ,  a s  t h e r e  w ere s e v e r a l  ex am p les  o f  s m a ll  
ra n g e s  b e in g  c o m p le te ly  e n c lo s e d  w i th in  much l a r g e r  o n es. The 
d i f f e r e n c e s  w ere t h e r e f o r e  a t  l e a s t  p a r t l y  due to  in d iv id u a l  
d if f e re n c e s  betw een b ird s . I f  th e  l a r g e s t  range i s  excluded (on the  
g ro u n d s  t h a t  i t s  s i z e  was due to  th e  b i r d  ch an g in g  ran g e  d u r in g  th e  
s t u d y ,  a s  d i s c u s s e d  e a r l i e r ) ,  t h e  n e x t  l a r g e s t  ra n g e  w as 
approx im ate ly  fou r tim es  th e  s iz e  o f th e  sm a lle s t .  There rem ains the  
p o s s ib i l i ty  t h a t  some ranges were la rg e r ,  i f  they  extended beyond the
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«
l im i t s  o f th e  s tu d y  a rea ; however, no re s id e n t  b ird s  were ever seen
2
p re y  s u p p l ie s  a r e  d e p le te d  on ro ck y  s h o re s  d u r in g  w in te r ,  M a rsh a ll
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o u ts id e  th e  s tudy  a re a  (Chapter 2), and th e re  was n e g lig ib le  movement 
between th e  groups o f  b ird s  found a t  e i th e r  end o f  th e  s tudy  area.
T h ere  was a te n d en c y  f o r  b i r d s  to  move o u ts id e  t h e i r  home 
ranges in  autumn and (esp ec ia lly ) sp rin g . S im ila r  f in d in g s  have been 
r e p o r te d  in  th e  s a n d e r l in g  in  autum n (Myers 1984). I t  i s  p o s s ib le  
th a t  upon th e i r  a r r iv a l  back in  th e  non-breeding grounds in  autumn, 
b ird s  ’sam ple' d i f f e r e n t  a re as  a d ja c e n t to  th e i r  norm al home range, 
to  a sse ss  them fo r p rey  abundance. T his i s  analogous to  the  s i tu a t io n 3
o f  a p r e d a to r  (w hich la c k s  p e r f e c t  know ledge) b e in g  fa c e d  w ith  a 
cho ice  o f fo rag ing  pa tch es  which i t  must sample b e fo re  being ab le  to  
ch o o se  th e  m ost p r o f i t a b l e  (K rebs ^  a l .  1978). H ow ever, in  b o th  
s a n d e r l in g s  and tu r n s to n e s  i t  w ould appear th a t  t h i s  vagrancy does 
n o t u su a lly  r e s u l t  in  any changes in  range; r a th e r ,  th e  v a s t  m a jo rity  
o f  b i r d s  re a d o p t  th e  same ran g e  th e y  used  th e  p re v io u s  w in te r
(p o ssib ly  because la rg e - s c a le  ch an g es  in  p re y  d i s t r i b u t i o n  betw een  
y e a rs  a re  ra re ) . N onetheless th e  experience  gained by such sam pling 
could be b e n e f ic ia l  in  tim es o f s t r e s s ,  and th e  sh o rt- te rm  c o s ts  o f 
ex p lo ra to ry  behaviour a re  lo w est a t  t h a t  tim e , as  th e  com bination of
■■■h ig h  p re y  b io m a s se s , low  e n e rg y  re q u ir e m e n ts  and long  d a y le n g th  
ensure  th a t  b ird s  can a ffo rd  to  r i s k  th e se  s h o r t p e rio d s  o f p o ss ib ly  
sub -op tim al fo rag ing .
Turnstones a re  most r e s t r i c t e d  in  th e i r  ranging  in  m id -w in ter.
T h is  i s  p o s s ib ly  b e ca u se  th e y  can  b e s t  overcom e th e  c o n s t r a i n t s  
im posed by th e  s h o r t  d a y l ig h t  f o r a g in g  h o u rs  by re m a in in g  in  th e
■i-
a r e a s  w here th e y  have th e  g r e a t e s t  know ledge o f  food  d i s t r i b u t i o n .
The s p r in g  peak  in  m o b i l i ty  may have been  cau sed  by b i r d s  b e in g
fo rced  to  extend th e i r  ranges due to  p rey  d e p le tio n  by th e  end o f  th e
'w in te r . There a re  ve ry  few d a ta  on th e  e x te n t to  which in v e r te b ra te Î
I
a(1981) fo u n d  t h a t  t u r n s t o n e  p r e y  b io m a s s e s  w e re  r e d u c e d  by
. .. ,
approxim ately  o n e - th ird  between September and March a t  h is  study s i t e  
in  e a s te rn  S co tland ; however t h i s  lo s s  had been rep laced  by increased  
r e p ro d u c t io n  and g ro w th  by May. Thus th e  tim e  o f  th e  lo w e s t  food 
abundances may n o t  c o in c id e  w i th  th e  peak  in  tu r n s to n e  m o b i l i ty .
s iz e s .
O th er p o s s ib le  c a u s e s  o f  s p r in g  v a g i l i t y  co u ld  be th e  ch anges in
f lo c k in g  b e h a v io u r  t h a t  o ccu r a t  t h a t  t im e , o r th e  s h i f t  o f b i r d s
.i n to  th e  more p r e f e r r e d  h a b i t a t s  a s  th e  d e n s i ty  o f  b i r d s  d e c l in e s ;  
d iscu ss io n  o f th e se  p o in ts  w i l l  be l e f t  to  the  a p p ro p ria te  se c tio n  o f 
C hapter 7,
■Whatever th e  cause , th e  in c reased  m o b ility  in  sp rin g  le ad s  to
’some changes in  th e  a s s o c ia tio n  p a t te r n s  between b ird s , n o tab ly  an 
in c r e a s e  in  th e  l o c a l  m ix in g  o f  th e  p o p u la t io n . T h is  le a d s  to  an 
o v e ra l l  in c re a se  in  th e  a s s o c ia tio n  le v e ls  between b ird s . A s im ila r  
in c re ase  in  a s s o c ia t io n  from autumn to  l a t e  w in te r was found by Myers 
(1983) in  a w in te r in g  p o p u la t io n  o f  s a n d e r l in g s  in  C a l i f o r n ia .  In  
t h i s  l a t t e r  c a s e  th e  t r e n d  was due to  beach  e r o s io n  re d u c in g  th e  
number o f  p o t e n t i a l  fe e d in g  s i t e s ,  so  p ro d u c in g  in c r e a s e s  in  f lo c k
The s i z e  o f  th e  p o o l o f  b i r d s  w ith  w hich any one in d iv id u a l  
a s s o c ia te s  h as im p lic a tio n s  fo r  th e  com plexity  o f i t s  in te ra c t io n s .
a s  d iscu ssed  in  C hapter 2. Myers (1983) found n e g lig ib le  d ep a rtu re s
from a model o f random a s s o c ia t io n  amongst th e  p o p u la tio n  of 500-700
s a n d e r l in g s  on a 4 km s t r e t c h  o f  b e ac h , and su g g e s te d  t h a t  each
s a n d e r l in g  m ig h t w e l l  a s s o c i a t e  w ith  a l l  o th e r s  in  th e  p o p u la t io n
.d u r in g  th e  c o u rs e  o f  a  w in t e r ,  due to  th e  c o n t in u a l  fo rm in g  and 
d iv id in g  o f f lo c k s . The same p ro cesses  o f dynamic flo ck in g  occur in  
tu rn s to n e s , due to  th e  changes in  flo c k  s iz e  in  synchrony w ith  t i d a l  
rhythms (Chapter 6); in  a d d itio n , a l l  th e  b ird s  o f one a rea  may ro o s t
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ro o s t  i t s e l f .  Although i t  was n o t p o s s ib le  to  s tu d y  th e  behaviour o f
to g e th e r , due to  a l im ite d  number o f p o te n t ia l  ro o s t  s i t e s  {Furness 
1973) and a n t i - p r e d a t o r  a d v a n ta g e s  o f  r o o s t in g  com m unally  (Lack 
1968, Ydenberg & P r in s  1984).
However, t h i s  s tudy  has found th a t  th e  p a t te rn s  o f a s so c ia tio n  
in  fo r a g in g  tu r n s to n e s  a r e  f a r  from  random . A lth o u g h  t e r r i t o r i a l  
behaviour has never been recorded in  tu rn s to n e s  (Myers ^  a l .  1979a, 
M a rs h a ll  1981, B re a re y  1982, Cramp & Simmons 1982, F le i s c h e r  1983, 
t h i s  s tu d y ) ,  i n d iv id u a l s  c o n s i s t e n t l y  r e s t r i c t  t h e i r  movements to  
r e la t iv e ly  sm a ll home ranges. As th e re  i s  a good c o r re la t io n  between
II
th e  e x te n t o f home range o v e rlap  betw een two b ird s  and the  frequency 
w ith  which they  feed  in  th e  same f lo c k , th e  number o f p o te n t ia l  f lo ck  
m a tes  a b i r d  h a s  w h ile  f o r a g in g  i s  q u i t e  l i m i t e d .  For in s ta n c e ,  
marked b ird s  r e s id e n t  a t  C o a lru ff ie  were seen w ith  on ly  e ig h t o th e r 
marked b ird s  r e g u la r ly  over th e  course  o f two w in te rs ; i f  unmarked 
b ird s  a re  added th e  t o t a l  i s  on ly  approx im ately  25 (Chapter 2, Table
2.3). The C o a lru ff ie  sub -p o p u la tio n  a lso  mixed to  a sm all e x te n t w ith  
th a t  found a t  S a ltc o a ts ;  in c lu d in g  t h i s  in c re a se s  th e  pool o f b ird s  
w ith  which an in d iv id u a l in te ra c te d  to  around 50, The same p a tte rn  i s  
t ru e  fo r o th e r p a r t s  o f  th e  s tudy  a re a : b ird s  r e s id e n t  a t  S tevenston 
r a r e l y  fo ra g e d  in  any o th e r  a r e a s ,  and a s  a co n seq u en ce  th e y  w ere 
r e g u la r ly  a s s o c ia te d  w ith  a s  few  a s  35 o th e r  i n d iv id u a l s .  (T able
2 .3 ). The m a in te n a n c e  o f  th e  sam e ran g e  in  s u c c e s s iv e  y e a r s  and th e  
low r a te  o f  p o p u la tio n  tu rnover ensure  th a t  th i s  r e s t r i c t e d  r a te  o f 
p o p u la t io n  m ix in g  w i l l  be m a in ta in e d  from  y e a r  to  y e a r . Thus 
in d iv id u a l tu rn s to n e s  in  th e  s tu d y  a r e a  may have fo ra g e d  r e g u la r ly  
w ith  as  few as o n e -te n th  o f th e  b ird s  w ith  which they  roosted .
This l im ite d  m ixing o f  th e  p o p u la tio n  m ight a ls o  extend to  the
5.:
Iin d iv id u a l b ird s  a t  a ro o s t  in  t h i s  s tu d y , Furness & G a lb ra ith  (1980) 
showed th a t  non-random a s s o c ia t io n s  may p e r s i s t  even in  a la rg e  wader
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ro o s t  of 5000 b ird s ,
:
Thus w h ile  s p e c ie s  such  a s  th e  s a n d e r l in g  may move in  f lo c k s  
t h a t  a re  random  and f l u i d  s u b s e t s  o f  a  much l a r g e r  p o p u la t io n ,  i t  
w o u ld  a p p e a r  t h a t  t u r n s t o n e s  a r e  m ore r e s t r i c t e d  in  t h e i r
baboons, guard ing  th e i r  harem, th an  fo r w in te rin g  tu rn s to n e s . Indeed,
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a sso c ia tio n s , p r im a r i ly  because o f  th e i r  g re a t  f i d e l i t y  to  a sm all 
home range. T his i s  n o t to  im ply th a t  th e i r  s o c ia l  system  approaches
th a t  o f  c lo sed  groups, where a l l  group members have e x a c tly  th e  same 
ra n g e . I n s te a d ,  tu r n s to n e  e x p o su re  p e r io d  home ra n g e s  v a ry  b o th  in  
s i z e  and lo c a t i o n ,  so  t h a t  a l th o u g h  one in d iv id u a l  may o n ly  f lo c k  
re g u la r ly  w ith  a p a r t ic u la r  s e c tio n  o f th e  p o p u la tio n , ano ther member 
o f  t h a t  s e c t io n  w i l l  have  a s l i g h t l y  d i f f e r e n t  s u b s e t  a s  i t s  own 
g ro u p  o f  r e g u la r  f lo c k m a te s ,  and so  on. As a r e s u l t ,  th e  c l u s t e r
an a ly ses  o f a s s o c ia t io n s  do n o t re v e a l t i g h t  c lu s te r s  b u t s tra g g lin g  
groupings; no doubt such "chaining' would have been even more obvious 
had an a n a ly s is  been c a r r ie d  o u t th a t  included  b ird s  from more than 
one sm all s e c tio n  o f th e  s tudy  a re a .
One o f th e  reasons why tu rn s to n e s  do no t form c lo sed  groups is  
presum ably th a t  th e  sm a ll f lo c k s  in  which they  feed  a re  p e r io d ic a l ly  
being fo rced  to  agg regate  by th e  incoming tid e . There a re  examples o f 
an im als which both  ro o s t or s le e p  communally y e t  fo rage  in  sm a lle r 
groups o f c o n s ta n t com position; hamadryas baboons Papio hammadryas 
s le e p  a t  n ig h t  in  l a r g e  a g g r e g a t io n s ,  y e t  b reak  up in to  th e  same
m a le -d o m in a ted  g ro u p s  d u r in g  th e  day (Kummer 1968). However, th e  
b e n e f i t s  in  k e ep in g  th e  same g ro u p s  a re  o b v io u s ly  g r e a t e r  fo r  m ale
th e  c o s t s  f o r  tu r n s to n e s  o f  a t te m p t in g  to  re fo rm  e x a c t ly  th e  same
g ro u p  a s  b e fo re  when th e  t i d e  r e c e d e s  a re  l i k e l y  to  o u tw e ig h  any 
advantages, and in s te a d  b ird s  may move away from a h igh  t id e  ro o s t or 
fe e d in g  f lo c k  in  any f lo c k  t h a t  i s  moving in  th e  d i r e c t i o n  o f t h e i r
ex p o su re  p e r io d  home ran g e . T h is  p ro c e s s  m ig h t e x p la in  some o f th e  
movements o f b ird s  o u ts id e  th e i r  home range, as  i t  i s  p o ss ib le  th a t  
th e y  m ig h t g e t  'c a r r i e d '  by a  f lo c k  moving to  a d i f f e r e n t  l o c a t io n ,  
and th e  r i s k  o f le av in g  a flo ck  m ight be g re a te r  th an  th e  drawbacks 
o f spending one exposure p e rio d  w ith  u n fa m ilia r  b ird s  in  a d i f f e r e n t  
s e c tio n  o f th e  beach.
In  many o f  th e  s p e c ie s  t h a t  form  c lo s e d  n o n -b re e d in g  g ro u p s  
(e.g. Oregon and s la te -c o lo re d  j  uncos Junco oreganus and ^  hyem alis 
{Sabine 1956, F re tw e ll  1969, K e tte rso n  1979) and b lue  ja y s  (Racine & 
Thompson 1983)) neigbouring  groups r a r e ly  meet. T herefore  th e re  may 
be few o p p o r t u n i t i e s  fo r  b i r d s  to  change f lo c k s  w ith o u t  f i r s t  
breaking away as  s o l i t a r y  in d iv id u a ls?  the  r is k s  involved may h e lp  
m a in ta in  g ro u p  s t a b i l i t y .  I t  i s  i n t e r e s t i n g  t h a t  tu r n s to n e s  w hich 
fo ra g e d  o v er th e  h ig h  w a te r  p e r io d  d id  so  in  f lo c k s  w hich  w ere ( i f  
anything) o f g re a te r  s t a b i l i t y  (in  te rm s o f in d iv id u a l com position) 
th a n  th o s e  o f  th e  e x p o su re  p e r io d .  Thus a lth o u g h  h ig h  w a te r  f lo c k s  
were much la r g e r ,  th ey  were by no means random coalescences o f flo ck s  
p re se n t du ring  th e  exposure p e r io d .  T hese a s s o r t a t i v e  a s s o c ia t i o n s  
were again  p a r t ly  s p a t i a l ly  induced; on North Beach th e re  were o f te n  
j u s t  two h igh  w ater feed ing  f lo c k s , one alw ays a t  th e  sou thern  end o f 
th e  beach and th e  o th e r u su a lly  around th e  prom ontary 500 m fu r th e r  
north . The d i s t r ib u t io n  o f s ig h tin g s  and c lu s te r  a n a ly s is  showed th a t  
marked b ird s  a s so c ia te d  w ith  j u s t  one o f th e  f lo c k s , and in terchange 
b e tw een  th e  tw o w as v e ry  r a r e .  T h is  was e s p e c i a l l y  a p p a re n t  when 
t r y in g  to  move f lo c k s  in  c a n n o n - n e t t in g  a t te m p ts  (see  C h ap te r 1 ), 
Even la r g e  am ounts o f  human d i s tu r b a n c e  a t  one end o f  th e  beach  
r a re ly  succeeded in  causing b ird s  from one flo ck  to  jo in  th e  o th e r; 
in s te ad  th e  d is tu rb e d  f lo ck  would a tte m p t to  feed  w ith in  i t s  normal 
' f lo c k  ra n g e '.  C o n s t r a in t s  on m ix in g  may be e s p e c i a l l y  a d a p t iv e  in  
h ig h  t i d e  f l o c k s ,  a s  th e  h ig h e r  d e n s i t i e s  a t  w hich  b i r d s  m ust fe e d
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le a d  to  in c r e a s e d  r a t e s  o f  a g g re s s io n  (C hap ter 4 ); th e  m u tua l
advantages o f a dominance h ie ra rc h y  based on in d iv id u a l reco g n itio n  
(which i s  on ly  p o s s ib le  w ith  s ta b le  groups) would th u s  be g re a te r  a t  
h ig h  w a te r  th a n  d u r in g  th e  e x p o su re  p e r io d .  B ird s  may th e r e f o r e  
r e s t r i c t  t h e i r  h ig h  t i d e  fo ra g in g  to  a s  few  s i t e s  a s  p o s s ib l e ,  a s  
th e re  w i l l  be la rg e  numbers o f  b ird s  p re se n t a t  each s i t e .
I
I'3:I
82
■
I
::CHAPTER FOUR -  AGGRESSION AND DOMINANCE 
I t  i s  e v id e n t  from  th e  p r e v io u s  c h a p te r s  t h a t  w in te r in g  
tu r n s to n e s  and p u r p le  s a n d p ip e r s  have s t a b l e  r e s i d e n t  p o p u la t io n s  
w i th  ( in  tu r n s to n e s  a t  l e a s t )  d i f f e r e n t i a l  a s s o c i a t i o n s  betw een  
in d iv id u a l  b i r d s  t h a t  p e r s i s t  o v e r th e  c o u rs e  o f  s e v e r a l  w in te r s .
The b a s i s  upon w hich  th e s e  a s s o c i a t i o n s  a re  b u i l t  i s  th e  f lo c k in g  
b e h a v io u r  o f  th e  b i r d s ,  w hich  w i l l  be d e s c r ib e d  in  more d e t a i l  in
C h ap te r  6. In  C h a p te r  5 one o f  th e  p r i n c i p a l  b e n e f i t s  o f  such
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f lo c k in g ,  t h a t  o f  a red u ced  p r e d a t io n  r i s k  and an a s s o c ia te d  
decreased  investm en t in  a n t i - p r e d a to r y  b e h a v io u r , i s  i n v e s t ig a te d .  
This ch ap te r , however, co n ce n tra te s  on one of th e  c o s ts  of grouping: 
ag g ress io n  between in d iv id u a ls .
A ggression i s  c o s t ly  fo r bo th  c o n te s ta n ts  involved in  a  f ig h t ,  
in  te rm s  o f  t im e  l o s t ,  en e rg y  expen d ed , and th e  r i s k  o f  in ju r y .  In  
a d d i t io n  th e  l o s e r  m ust pay  a c o s t  in  te rm s  o f  l o s t  r e s o u rc e s ,  
s ta tu s ,  or both. In c re a se s  in  th e  d e n s ity  or s iz e  o f  a feeding  group 
w i l l  tend to  le ad  to  in c reased  p re s su re  on th e  re so u rces  th e  group i s  
a ttem p tin g  to  e x p lo i t .  In  e f f e c t ,  th e re  i s  l ik e ly  to  be g re a te r  lo c a l 
c o m p e t i t io n  fo r  th o s e  r e s o u r c e s ,  w ith  c o n se q u e n t in c r e a s e s  in  th e  
lik e lih o o d  o f  ag g re ss iv e  in te r a c t io n s  between in d iv id u a ls . T herefore , 
u n le ss  co o p era tio n  i s  req u ired  betw een b ird s  to  c a tc h  p rey  or un less 
th e  presence  o f  o th e r  b ird s  o th e rw ise  a s s i s t s  in  th e  fin d in g  o f prey 
i te m s , i t  i s  l i k e l y  t h a t  in c r e a s e s  in  g roup  s i z e  w i l l  le a d  to  
d e c r e a s e s  in  a v e ra g e  food  a v a i l a b i l i t y  p e r  b i r d ,  w ith  p o s s ib le  
r e s u l ta n t  in c re a se s  in  ag g ress iv e  behaviour.
I f  th e r e  a r e  c o n s i s t e n t  d i f f e r e n c e s  b e tw een  in d iv id u a ls  in
s ta tu s  (w ith some winning more enco u n te rs  than  o th e rs ) , th e  p ay -o ffs  
o f  g ro u p  l i v i n g  w i l l  c l e a r l y  v a ry  a c c o rd in g  to  dom inance  s t a t u s  
( F r e tw e l l  1969, P u l l ia m  & C araco  1984). F a i lu r e  o f  in d iv id u a ls  to  
com pete s u c c e s s f u l l y  w i l l  le a d  to  t h e i r  lo s in g  p re y  i te m s  to  more
1
d o m in a n t b i r d s ,  and may r e s u l t  in  t h e i r  av o id an ce  o f ,  o r e x c lu s io n  
from , occupied p rey  p a tches. T his may lead  to  d i f f e r e n t  d is t r ib u t io n s  
o f su b o rd in a tes  on a la rg e  as w e ll a s  a sm all s c a le ,  a s  subo rd ina tes  
d isp e rse  in  an a tte m p t to  avoid th e  co m p etitiv e  e f f e c t s  o f dom inants 
(F re tw ell 1969, 1972, D ittu s  1977, Gauthreaux 1978, K etterson  1979). 
T h ere  may a l s o  be l i f e - h i s t o r y  i m p l i c a t i o n s ,  a s  s u b o r d in a t e  
in d iv id u a l s  may be ex c lu d ed  from  b re e d in g  (W atson & Moss 1970) and 
have reduced chances o f s u rv iv a l (F re tw e ll 1969, Mur ton  e t  a]^ 1971, 
D it tu s  1977, G au th reaux  1978),
T herefore  th e  n a tu re  and e x te n t  o f agg ress io n  and dominance a re  
im p o r ta n t  f a c e t s  in  s tu d y in g  th e  e c o lo g y  o f  s o c i a l  b e h a v io u r . They 
a re  p o te n t ia l ly  very  im portan t f a c to r s  in flu en c in g  group s tru c tu re ,  
and the  spacing and movement o f  in d iv id u a ls  both  w ith in  and between 
g ro u p s . The a im s  o f  t h i s  c h a p te r  a r e  f i r s t l y  to  d e s c r ib e  th e  n a tu re  
o f  th e  a g g re s s io n  w hich was o b se rv e d  in  w in te r in g  f lo c k s  o f  
tu r n s to n e s  and p u rp le  s a n d p ip e r s ,  th e  c o n te x ts  in  w hich  i t  was 
o b se rv e d , and th e  f a c t o r s  t h a t  a f f e c t e d  i t s  r a t e  o f  o c c u r re n c e . The 
second approach o f th e  chap ter i s  an in v e s t ig a tio n  o f th e  v a r ia t io n  
in  dominance s ta tu s  between in d iv id u a ls ,  and an a tte m p t to  e lu c id a te  
th e  e f f e c t s  such s ta tu s  v a r ia t io n  m ight have on th e  s o c ia l  s tru c tu re  
o f th e  p opu la tion .
4 .1  Methods
In  o rd e r  to  i n v e s t i g a t e  th e  r a t e s  and n a tu r e s  o f  a g g re s s iv e  
i n t e r a c t i o n s ,  m in u te - lo n g  o b s e r v a t io n s  ( tim ed  w ith  an e l e c t r o n i c  
au d io  t im e r )  w ere  made on s i n g l e  fo r a g in g  tu r n s to n e s  o r p u rp le  
san d p ip ers , s e le c te d  o p p o r tu n is t ic a l ly .  The fo llo w in g  d e ta i l s  o f any 
a g g re s s iv e  e n c o u n te r  in  w hich  th e  b i r d  was in v o lv e d  d u r in g  th e  
o b serv a tio n  p e rio d  were noted:
(a) whether th e  b ird  was th e  i n i t i a t o r  o f th e  in te ra c t io n ?
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(b) th e  s p e c ie s  o f  th e  o th e r  b i r d , and i f  p o s s ib le  i t s  i d e n t i t y  i f  
in d iv id u a lly  c o lo u r-r in g ed ;
(c) th e  in te n s i ty  o f th e  encoun ter, measured on a four p o in t sca le  of 
in c re as in g  in te n s i ty :
(1) THREAT: th e  outcom e was d e c id e d  by th e  use  o f  t h r e a t
p o s tu r e s  o n ly  { u su a lly  th e  hunched body w ith  t a i l  d e p re sse d  
p o s tu re  d esc rib ed  by Groves (1978) and M arshall (1981)), w ith  no
o v e r t ag g ress io n  shown by e i th e r  b ird .
(2) RUN: e i t h e r  one o r b o th  b i r d s  ra n  a t  th e  o th e r ,  som etim es 
making c o n ta c t b u t w ith  no p h y s ic a l fo llow -up  to  th i s  impact,
(3) FLY: a s  above, excep t t h a t  movement was achieved by a sh o rt
.f l i g h t  tow ards th e  o th e r b ird .
(4) ATTACK: T h is  in v o lv e d  one b i r d  p h y s i c a l ly  a t t a c k in g  th e  
o th e r , by pecking or w ing -b ea tin g .
(d) th e  d is ta n c e  a p a r t  o f the  two b ird s  a t  th e  tim e o f the  perceived  
i n i t i a t i o n  o f  th e  e n c o u n te r . The d i s t a n c e ,  i n i t i a l l y  m easured  a s  
b i r d - l e n g t h s ,  was th e n  a s s ig n e d  to  th e  c l o s e s t  o f  th e  fo l lo w in g
c a te g o r ie s :  0 .5 , 1, 2 o r  3+ m e tre s ;
(e) w h e th er a food  ite m  (or f e e d in g  lo c a t io n )  was in v o lv e d  in  th e
d is p u te .  F o o d - r e la te d  e n c o u n te rs  w ere  d e f in e d  a s  th o s e  w here th e  
i n i t i a t i n g  b i r d  a t te m p te d  to  ta k e  o v e r an ite m  o f  fo o d , o r ,  a f t e r  
su p p lan tin g  a b ird  from a feed ing  lo c a t io n , im m ediately  began to  feed 
a t  p re c is e ly  th e  same s i t e ;
( f ) the  outcome o f th e  en co u n te r.
At th e  end o f th e  m inute o f o b se rv a tio n , th e  se p a ra te  d e n s it ie s  
o f  a l l  w ader s p e c ie s  w ere r e c o rd e d , m easured  a s  th e  number o f  
in d iv id u a ls  w ith in  an e s tim a te d  10 m o f th e  fo c a l b ird . However, the
n a tu re  o f th e  h a b i ta t  o f te n  p rev en ted  neighbouring b ird s  from being 
a b le  to  see  one a n o th e r ,  due to  th e  p re s e n c e  o f  in te rv e n in g
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s t r u c t u r e s  such  a s  ro c k s  and b o u ld e r s .  T h e re fo re , a p a r t  from  t h i s
S'’o v e r a l l '  d e n s i t y ,  a  second  ty p e ,  th e  v i s i b l e  d e n s i t y ,  was n o te d .
measured as th e  number o f b ird s  o f each sp ec ie s  w ith in  10 m th a t  the  
f o c a l  b i r d  was ju d g e d  to  be a b le  to  s e e . V is ib le  d e n s i t i e s  w ere 
t h e r e f o r e  th e  sam e a s  o v e r a l l  d e n s i t i e s  when th e r e  w ere no 
o b s tru c tio n s  to  v is io n , b u t som etim es co n sid erab ly  low er when, fo r 
ex am p le , b i r d s  w ere fe e d in g  am o n g st b o u ld e r s .  V i s ib le  d e n s i ty  was 
m easured, a s  i t  was p o ss ib ly  a more r e a l i s t i c  measure o f d e n s ity  as 
f a r  a s  th e  fo c a l b ird  was concerned (as was a lso  found to  be th e  case 
fo r  th e  e f f e c t  o f  d e n s i ty  on in d iv id u a l  v ig i l a n c e  (C hapter 5 )). As 
w e ll a s  th e se  d e n s i t ie s ,  a  no te  was a lso  made o f th e  h a b i ta t  in  which
th e  fo c a l b ird  had m ainly been feed in g . Any o b serv a tio n s  during  which
e i t h e r  w ader d e n s i t i e s  changed m a rk e d ly  o r th e  f o c a l  b i r d  changed 
h a b i ta t  were d isca rd ed .
To com pare o b se rv ed  r a t e s  o f  f o o d - r e l a t e d  a g g re s s io n  in  
d i f f e r e n t  h a b i ta t s  w ith  those  th a t  would be p re d ic te d  on the  b a s is  of 
o p p o rtu n itie s  to  s t e a l  food, d a ta  were c o lle c te d  on prey  m anipulation 
tim es  and r a te s  in  d i f f e r e n t  h a b i ta t s .  The term  'm an ipu lation  tim e '
- ,.ii s  de fin ed  as th e  tim e taken to  expose and handle a p rey  item . I t  i s  
used in  p re fe ren ce  to  p u re ly  th e  hand ling  tim e , as  b ird s  forag ing  in  
some h a b i t a t s  (e .g . dead o r  l i v e  w rack) w ould spend  c o n s id e ra b le  
amounts o f tim e d igg ing  in to  and tu rn in g  over th e  s u b s tr a te  to  expose 
b u ried  food item s. I t  was th e re fo re  o f te n  p ro f i ta b le  fo r  dominants to  
su p p lan t su b o rd in a tes  th a t  had th u s  m a n ip u la te d  th e  s u b s t r a t e ,  b u t 
b e fo re  they  had handled any prey . T here fo re  th e  im p o rtan t param eter 
th a t  determ ined th e  a v a i l a b i l i t y  o f  chances to  k le p to p a ra s i t is e  was
n o t  j u s t  th e  t im e  ta k e n  to  h a n d le  th e  p re y ,  b u t  a l s o  th e  tim e  s p e n t
'p r i o r  to  t h i s  in  ex p o sin g  i t .  M a n ip u la t io n  t im e s  in  d i f f e r e n t  
h a b i t a t s  w ere m easu red  by s p o t  o b s e r v a t io n s  on b i r d s  p ic k ed  a t  
random , t im in g  th e  d u r a t io n  o f  t h e i r  n e x t  m a n ip u la t io n  u s in g  a
d i g i t a l  stopw atch . The m an ipu la tion  tim e was measured as th e  period  
from  th e  b i r d  f i r s t  com ing in to  c o n ta c t  w ith  th e  s u b s t r a t e  to  i t  
moving away from  t h a t  fe e d in g  s i t e ,  d e d u c tin g  tim e  s p e n t  v i g i l a n t  
d u r in g  t h a t  p e r io d  ( s in c e  v ig i l a n c e  r a t e  v a r ie d  a c c o rd in g  to  f lo c k  
d e n s ity  and h a b i ta t  v i s i b i l i t y  (Chapter 5)), M anipulation r a te s  were 
recorded as  th e  number o f  such m an ipu la tions t i ia t  occurred  during a 
m inute o f o b se rv a tio n  o f a fo c a l b ird . O vera ll and v is ib le  d e n s i t ie s  
o f  w ader s p e c ie s  w ere re c o rd e d  a s  e a r l i e r  a t  th e  end o f  th e s e  
o b se rv a tio n s , to  a llow  d e te rm in a tio n  of whether m anipu la tion  r a te s  
a l te r e d  w ith  b ird  d e n s ity .
The m in u te - lo n g  o b s e r v a t io n s  on agg ress io n  r a te s  enabled some 
d a ta  to  be c o l le c te d  on in te r a c t io n s  invo lv ing  in d iv id u a lly  co lo u r- 
marked b ird s ;  th e se  were supplem ented by in c id e n ta l  record ing  o f the 
outcome o f enco u n te rs  between marked b ird s  observed a t  o th e r tim es. 
These r e s u l t s  were examined fo r ev idence o f in d iv id u a l d if fe re n c e s  in  
dominance and th e  p resence  o f  a  dominance h ie ra rch y .
4 .2  R esu lts
4 .2 .1  The N ature o f  A ggression in  M ixed-Species F locks, and i t s  
R e la tio n sh ip  to  Flock D ensity
(a) I n t r a s p e c i f ic  A ggression
In  both  sp e c ie s  th e  m a jo rity  o f agg ressive  encoun ters involved 
food item s or feed in g  s i t e s ,  a lthough  th e  p ro p o rtio n  o f in te ra c t io n s  
invo lv ing  food was s ig n i f ic a n t ly  low er in  pu rp le  sandp ipers  i / i ^ ^ r  
o r 58.1%) th a n  in  tu r n s to n e s  { ^ ^ ^ /274  ^ 79.9%) (X^ = 22.70, 1 d f ,
P<0.001). T hose e n c o u n te r s  t h a t  d id  n o t in v o lv e  food  w ere u s u a l ly  
defences o f 'in d iv id u a l  d is ta n c e ' (Conder 1949). In  bo th  sp e c ie s , the 
i n i t i a t o r  o f  an  e n c o u n te r  was a lm o s t  i n v a r i a b ly  th e  v i c t o r ,  
i r r e s p e c tiv e  o f  w hether th e  c o n te s t  was over food or n o t (Table 4.1).
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Table 4.1 The p ercen tag e  o f  in te r a c t io n s  between c o n sp e c if ic s  won by 
th e  i n i t i a t o r
Turnstone P urp le  sandpiper
% won n % won n
th a n  tu r n s to n e s  (com paring  th e  num ber o f  a t t a c k s  o b se rv ed  to  th e  
number o f l e s s  ag g re ss iv e  in te r a c t io n s ,  = 6.01, 1 d f . ,  P<0.02). In  
both  sp e c ie s , en co un ters  over food were more l ik e ly  to  be of higher
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4'":- . T' >' V^
In te ra c t io n s  over food 95.9 219 97.5 79
In te ra c t io n s  n o t over food 96.4 55 98.2 57
A ll in te ra c t io n s  95.8 286 98.0 148
*This ca teg o ry  c o n ta in s  sm all numbers o f cases where th e  presence o f 
food  co u ld  n o t  be a s c e r t a in e d ,  and th u s  h as  sam ple s i z e s  s l i g h t l y  
la rg e r  than  th e  sum o f  th e  o th e r two.
'T here  w ere  v e ry  few o c c a s io n s  when th e  b i r d s  in v o lv e d  in  an 
in te ra c t io n  were i n i t i a l l y  more than  a  m etre or so a p a r t  (Table 4.2).
No i n t e r a c t i o n s  o c c u r re d  b e tw een  p u rp le  s a n d p ip e rs  i n i t i a l l y  more 
th a n  tw o m e tre s  a p a r t ,  and th e  p r o p o r t io n  t h a t  to o k  p la c e  betw een
ob i r d s  o n ly  0.5 m a p a r t  was g r e a t e r  th a n  in  tu r n s to n e s  (X = 19.79, 1
.d f . ,  P<0.001), w h ich  i s  p ro b a b ly  a  r e f l e c t i o n  o f  t h e i r  s m a l le r  s iz e  
and consequent sm a lle r  in d iv id u a l d is ta n c e . In  both sp ec ie s  th e re  was
a tendency fo r  a g re a te r  p ro p o rtio n  o f in te ra c t io n s  to  invo lve food 
as th e  i n i t i a l  d is ta n c e  se p a ra tin g  th e  b ird s  increased ; however th i s  
was n o t s i g n i f i c a n t  in  e i t h e r  c a s e ,  p o s s ib ly  due to  s m a l l  sam ple
s i z e s  in  th e  g r e a t e r  d i s ta n c e  c a te g o r i e s  (comparing the  p ro p o rtio n  
in v o lv in g  food  in  th e  0.5 m c a te g o ry  w ith  t h a t  in  th e  lum ped 1-3 m 
g ro u p in g : tu r n s to n e  X^ = 1 .94 , 1 d f . ,  NS; p u rp le  s a n d p ip e r  X^ -  0,98,
1 d f . ,  NS). T a b le  4.2 a l s o  show s th e  i n t e n s i t y  o f  i n t e r a c t i o n s ,  
c l a s s i f i e d  a c c o rd in g  to  th e  fo u r  c a te g o r ie s  T h r e a t ,  Run, F ly  and 
A ttack  in  o rd e r o f in c re a s in g  c o s t . In  both  sp ec ie s  th e  most common 
fo rm s o f  a g g r e s s iv e  i n t e n s i t y  w ere t h r e a t s ,  fo llo w e d  c lo s e ly  in  
frequency by en co u n te rs  invo lv ing  one b ird  running a t  another. Both 
f l y i n g  a s s a u l t s  and a c t u a l  p h y s ic a l  a t t a c k s  w ere r a r e ,  a lth o u g h  
a tta c k s  made up a h ig h er p ro p o rtio n  o f th e  t o t a l  in  p u rp le  sandpipers
3
i n t e n s i t y  ( i .e .  ru n n in g , f ly in g  o r a t ta c k in g )  th a n  w ere th o se  n o t
o oov er food ( tu r n s to n e :  X = 6 .53 , 1 d f . ,  p<0.02; p u rp le  s a n d p ip e r :  X 
= 5 ,65 , 1 d f . ,  P<0,02). V i r t u a l l y  a l l  e n c o u n te rs  w ere over w i th in  a 
couple o f seconds.
In  summary, ag g ress iv e  encoun ters , which were s h o r t- l iv e d  and 
a lm ost alw ays won by the  i n i t i a t o r ,  fre q u e n tly  involved food item s or 
feed ing  lo c a t io n s , e s p e c ia l ly  in  tu rn s to n e s . They in v a r ia b ly  occurred 
between b ird s  i n i t i a l l y  c lo se  to g e th e r , and were o f te n  reso lved  ju s t  
by use o f th re a te n in g  p o s tu re s . However, those  in te ra c t io n s  over food 
were more l ik e ly  to  involve more c o s t ly  ag g ress iv e  behav iours (both 
in  te rm s  o f  e n e rg y  and r i s k  o f  i n j u r y ) ,  a l th o u g h  a c tu a l  p h y s ic a l  
f ig h t s  were ra re .
(b) I n te r s p e c i f ic  A ggression
R e la tiv e ly  sm all numbers o f in te r a c t io n s  were observed between 
s p e c ie s  (T ab le  4 .3 ), O v e r a l l ,  t h e  p r o p o r t i o n  o f  i n t e r a c t i o n s  
in v o lv in g  food  was lo w er f o r  i n t e r s p e c i f i c  th a n  i n t r a s p e c i f i c  
e n c o u n te rs  ( tu r n s to n e :  X^ = 28 ,15 , 1 d f . ,  P<0.001; p u r p le  s a n d p ip e r :  
X^ = 12.19, 1 d f . ,  P<0.001), w ith  th e  m a jo r i ty  b e in g  co n ce rn ed  w ith  
in d iv id u a l  d i s t a n c e .  However, in  th o s e  c a s e s  when a tu r n s to n e  was 
ag g ress iv e  to  a  p u rp le  sandp iper, th e  p ro p o rtio n  invo lv ing  food was 
n o t s ig n i f ic a n t ly  d i f f e r e n t  to  when th e  v ic tim  was ano ther tu rn s to n e  
(X^ = 1 .55 , 1 d f , ,  NS), Both s p e c ie s  l o s t  a lm o s t  a l l  i n t e r s p e c i f i c  
e n c o u n te rs  (w hich w ere  won by th e  i n i t i a t o r  on e v e ry  o c c a s io n ) , 
excep t when in te r a c t in g  to g e th e r (when tu rn s to n e s  u su a lly  dominated 
p u rp le  s a n d p ip e rs ) .
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Table 4.2 The frequency  o f  ag g re ss iv e  encounters betw een co n sp ec ific  
tu r n s to n e s  o r  p u r p le  s a n d p ip e r s ,  c l a s s i f i e d  a c c o rd in g  to  t h e i r  
i n t e n s i t y ,  w h e th e r  fo o d  w as in v o lv e d , and th e  i n i t i a l  s e p a r a t in g  
d is ta n c e  o f  th e  two b ird s
I n i t i a l  S ep ara tin g  D istance (m)
In te n s i ty 0.5 1 2 3 T otal No.
(a) TURNSTONE
Food 71 6 2 79
THREAT Non-fgod 26 4 30
T o ta l 102 10 2 114
Food 23 33 22 5 83
RUN Non-food 3 5 2 10
T o ta l 30 41 24 5 100
Food 1 1
FLY Non-food 1 1
T o ta l 1 1 2
Food 1 1 2
ATTACK Non-food 1 1
T o ta l 2 1 3
Food 96 40 24 5 165
TOTALS Non-food 30 10 2 0 42
T o ta l 135 53 26 5 219
(b) PURPLE SANDPIPER
Food 31 31
THREAT Non-fgod 34 1 35
T o ta l 70 1 71
Food 27 13 3 43
RUN Non-food 13 5 1 19
T o ta l 43 19 4 66
Food 0
FLY Non-food 0
T o ta l 1 1
Food 5 5
ATTACK Non-food 3 3
T o ta l 10 10
Food 63 13 3 0 79
TOTALS Non-food 50 6 1 0 57
T o ta l 124 20 4 0 148
icSee fo o tn o te  to  T ab le  4 .1 . T h is  t a b l e  o m its  67 e n c o u n te r  betw een  tu rn s to n es  where th e  in te n s i ty  and se p a ra tin g  d is ta n c e  were n o t noted
:
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T h r e e - q u a r te r s  ( / 2g) o f  tu rn s to n e  and V 34 p u rp le  sandpiper
i n t e r s p e c i f i c  e n c o u n te r s  o c c u r re d  when th e  i n t e r a c t a n t s  w ere 
i n i t i a l l y  0.5 m a p a r t ,  s im ila r  r a t i o s  to  those  fo r  encoun ters  between 
c o n sp e c if ic s  (tu rn sto n e : X = 1.37, 1 d f .,  NS? p u rp le  sandpiper; X = 
0 .003 , 1 d f , ,  NS). In  tu r n s to n e s  th e r e  was no d i f f e r e n c e  betw een  
in t e r -  and i n t r a s p e c i f i c  e n c o u n te rs  in  th e  p r o p o r t io n  re s o lv e d  by 
t h r e a t  d i s p la y s  (X^ = 0.50, 1 d f . ,  NS). T h is  was n o t t r u e  fo r  p u rp le  
s a n d p ip e r s ,  w here th e  p r o p o r t io n  in v o lv in g  ru n n in g , f ly in g  o r 
a tta c k in g  was low er in  in te r s p e c i f ic  in te ra c t io n s  (X = 5.67, 1 d f,, 
P < 0.02).
T a b le  4.3 The fre q u e n c y  o f  a g g r e s s iv e  e n c o u n te r s  (a) b e tw een  
tu r n s to n e s  and o th e r  s p e c ie s ,a n d  (b) b e tw een  p u r p le  s a n d p ip e r s  and 
o th e r  sp e c ie s , c l a s s i f i e d  accord ing  to  i n i t i a t i n g  s p e c ie s , in te n s i ty  
and th e  p ro p o rtio n  th a t  involved food. The in i t i a t i n g  b ird  alw ays won 
th e  encounter
(a) TURNSTONE I n te n s i ty  P roportion
I n i t i a t o r  V ictim  n T hrea t R u n ,f ly ,a tta ck  invo lv ing  food
G ull Turnstone 8 4 4 3/5
O y sterca tch er Turnstone 12 10 2 1/12
Redshank Turnstone 5 2 3 1/2
P urp le  sand. Turnstone 1 0  1 0/1
T o ta l 26 16 10 5/21
Turnstone P urp le  sand. 2 1 1 1/1
(b) PURPLE SANDPIPER
G ull* P u rp .sand . 5 5 0 0/5
O y sterca tcher P u rp .sand . 11 10 1 0/11
Redshank P u rp .sand . 3 2 1 0/2
Turnstone P u rp .sand . 13 7 6 7/12
Ringed p lover P urp .sand . 1 0  1 0/1
T o ta l 33 24 9 7/31
P urp le  sand. T urnstone 1 0  1 0/1
* ’G u lls ' were predom inantly  h e rr in g  g u l l s  Larus a rq e n ta tu s
To su m m arise  t h i s  s e c t io n ,  e n c o u n te r s  in  w hich  tu r n s to n e s  o r 
p u rp le  san d p ip ers  were involved w ith  o th e r sp ec ie s  took much th e  same 
form as  c o n sp e c if ic  in te ra c t io n s ,  excep t th a t  they  were le s s  l ik e ly  
to  invo lve food (un less between th e  two sp e c ie s ) , and (in  th e  case o f
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p u rp le  sandpipers) were le s s  in te n se . Both sp ec ie s  a lm ost in v a ria b ly  
l o s t  in  i n t e r s p e c i f i c  e n c o u n te r s ,  a l th o u g h  tu r n s to n e s  do m in a ted  
p u rp le  san d p ip e rs .
(c) The E f fe c t  o f D ensity
'To t e s t  w h e th e r a g g re s s io n  r a t e  ( i n t e r a c t i o n s  p e r b i r d  p e r 
m inu te) was more r e l a t e d  to  o v e r a l l  o r to  v i s i b l e  f lo c k  d e n s i t i e s ,  
two l in e a r  c o r re la t io n s  were c a lc u la te d ; th a t  between in t r a s p e c if ic  
a g g re s s io n  r a t e  and o v e r a l l  c o n s p e c i f i c  d e n s i ty ,  and t h a t  be tw een  
i n t r a s p e c i f i c  a g g re s s io n  r a t e  and v i s i b l e  c o n sp e c if ic  d e n sity . The 
c o r r e la t io n s  were measured over th e  d e n s ity  range 0-15 b ird s  w ith in
10 m o f  th e  f o c a l  b i r d  ( e i th e r  v i s i b l e  o r o v e r a l l ,  a s  a p p r o p r ia te ) .  
Data from h igher d e n s i t ie s  were o m itte d , as  they  were ob ta ined  from a 
l i m i t e d  num ber o f  s i t u a t i o n s  and h a b i t a t s ,  and so  m ig h t p roduce  
h a b i ta t -b ia s e s  in  th e  d e n s ity -a g g re s s io n  r e la t io n s h ip  (which was a lso
th e  fo c a l in d iv id u a l -  see  l a t e r ) .
Although ag g ress io n  r a te  was s ig n i f ic a n t ly  c o r re la te d  w ith  both
n o t l in e a r  above d e n s i t ie s  o f approx im ate ly  15 b ird s  w ith in  10 m of
J
ty p es  o f d e n s ity  measurement, Pearson  c o r re la t io n  c o e f f ic ie n ts  were 
g r e a t e r  f o r  v i s i b l e  th a n  o v e r a l l  d e n s i t i e s ,  i n d ic a t in g  t h a t
ag g ress io n  was more a f fe c te d  by th e  ap p aren t d e n s ity  o f c o n sp ec ific s  
than  by th e  a c tu a l  d e n s ity  (Table 4.4). T herefore  v i s ib le  d e n s ity  has 
been used a s  th e  measure o f d e n s ity  in  subsequent a n a ly se s .
T a b le  4.4 P e a rso n  C o r r e la t io n  C o e f f i c i e n t s  o f  th e  R e la t io n s h ip s  
betw een I n t r a s p e c i f ic  A ggression R ates and e i th e r  O v e ra ll o r V is ib le  
C onspec ific  D e n s itie s
Measure o f d e n s ity  and sanp le  s iz e  
S pec ies  O v era ll n V is ib le  n-----------------------------------------------------------------------------------------------------------------
Turnstone 0.177 818 0.268 829
P urp le  sandp iper 0.279 434 0.311 446-------------------------------------    I
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As m en tio n ed  e a r l i e r ,  in  n e i th e r  s p e c ie s  d id  a g g re s s io n  r a t e  
c o n tin u e  to  in c r e a s e  l i n e a r l y  once th e  d e n s i ty  re a c h e d  a c e r t a i n  
l e v e l ;  th e  b e s t  f i t s  to  th e  c o m p le te  d a ta  s e t  w ere  o b ta in e d  u s in g  
e x p o n e n t ia l  r e g r e s s io n ,  a  f in d in g  w hich  in d i c a t e s  t h a t  th e  r a t e  
re a ch e d  a p la te a u  a s  d e n s i ty  in c re a s e d  (F ig s . 4.1 and 4 .2 ). S im ila r  
r e s u l t s  were o b ta in ed  when the  r a te  o f ag g ress io n  betw een the  fo ca l 
tu r n s to n e  o r p u rp le  s a n d p ip e r  and a l l  o th e r  w ad ers  ( i .e .  in c lu d in g  
i n t e r s p e c i f i c  e n c o u n te rs )  was p l o t t e d  a g a in s t  th e  sum o f  v i s i b l e  
d e n s i t i e s  fo r  a l l  w ader s p e c ie s  (F ig s . 4,3 and 4 .4 ). As th e  h ig h e s t  
d e n s i t i e s  w ere o n ly  o b se rv ed  in  a few  h a b i t a t s ,  and a s  th e  ty p e  o f  
h a b i ta t  a f f e c t s  th e  aggression  r a te  (see l a t e r ) ,  th e  p o s it io n  o f the 
p l a t e a u  (w h ic h  i s  l a r g e l y  d e t e r m in e d  by t h e s e  h ig h  d e n s i t y  
o b servations) cannot be used to  compare between th e  curves r e l ia b ly . 
H ow ever, c o m p a riso n s  can  be made o v e r th e  l i n e a r  p o r t i o n s  o f  th e  
g ra p h s  ( i .e .  th e  d e n s i t y  ran g e  o f  0-15  v i s i b l e  b i r d s  w i th in  10 m o f 
th e  fo c a l in d iv id u a l)  using  covariance  a n a ly s is . The r e s u l t s  showed 
th a t  fo r  ag g ress io n  n o t involv ing  food, th e re  was no d if fe re n c e  (in 
e i th e r  species) betw een th e  two ag g ress io n  r a te /d e n s i ty  re la tio n s h ip s  
( i .e .  c o n s p e c i f ic  a g g re s s io n  a g a in s t  c o n s p e c i f ic  d e n s i t y ,  and a l l  
ag g ress io n  a g a in s t  t o t a l  wader d e n s i ty )  (F ig .4 .5 ).
H ow ever, w here food was in v o lv e d , th e  r e g r e s s io n  l i n e  o f 
c o n sp e c if ic  ag g ress io n  r a te  a g a in s t  c o n sp e c if ic  d e n s ity  was s teep e r 
than  th e  com parable m u lti- sp e c ie s  re g re ss io n  l in e  ( r e la t in g  th e  r a te  
o f combined in t r a -  and in te r s p e c i f ic  ag g ress io n  to  wader density ) in  
b o th  s p e c ie s  (F ig .4 .5 ) . T h is  m eans th e  r a t e  o f  a g g r e s s io n  over food 
was g r e a t e r  a t  a  g iv e n  d e n s i ty  o f  b i r d s  in  f lo c k s  com posed o n ly  o f 
c o n sp e c if ic s  than  i f  the  f lo c k s  con tained  o th e r sp ec ie s . In  e f f e c t ,  
tu rn s to n e s  and p u rp le  sandp ipers were more l ik e ly  to  be involved in  
ag g ress io n  over food w ith  b ird s  o f t h e i r  own sp ec ie s  than  w ith  o ther 
w aders.
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F ig .4 .1 . The r e l a t i o n s h i p  b e tw een  tu rn s to n e  v i s ib le  d e n s ity  and the 
r a t e  o f  i n t r a s p e c i f i c  a g g re s s io n .  D ata r e p r e s e n te d  a s  means S .E ., 
w ith  sample s iz e s  shown. E xponential equation :
y = -0 .569e"0 '149x  + 0.562; r  = 0 .284, n = 909, P<0.01
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F ig .4.2. The r e l a t i o n s h i p  be tw een  p u rp le  s a n d p ip e r  v i s i b l e  d e n s i ty  
and th e  r a t e  o f  i n t r a s p e c i f i c  a g g re s s io n .  D a ta  r e p r e s e n te d  a s  in  
F ig ,4 ,1 . E xponential eq uation :
y = -0.902e"0'OG2x + q. 913; r  = 0 .405, n = 529, P<0.001
NitM/aaia/SNOiiovy3iNi
P ig .4.3, The r e la t io n s h ip  between wader v i s ib le  d e n s ity  and th e  ra te  
o f in te ra c t io n s  invo lv ing  tu rn s to n e s . Data rep re sen ted  as in  Fig.4.1, 
Exponential equation :
y = -1 .06e"0 '030*  + 1.089; r  = 0 .298, n = 909, P<0.01
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Fig.4.4, The re la t io n s h ip  between wader v i s ib le  d e n s ity  and th e  r a te  
o f in te ra c t io n s  invo lv ing  p u rp le  sandp ipers. Data rep resen ted  as in  
F ig .4 .1 . E x p o n en tia l equation :
y = -1 .23e~0 '035x ^  1 , 193. ^ = q .395, n = 529, P<0.001
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F ig .4 .5 ,  C o m p a r is o n s  b e tw e e n  th e  r e g r e s s i o n s  o f  c o n s p e c i f ic  
aggression  ra te  a g a in s t , c o n sp e c if ic  d e n s ity  (so lid  lin e s )  and those  
o f  wader a g g re s s io n  r a t e  a g a in s t  w ader d e n s i ty  (dashed l i n e s )  fo r  
food re la te d  and non-food re la te d  aggression- See te x t  fo r  d e ta i l s .
(a) Turnstone: covariance  a n a ly s is  comparing re g re ss io n  l in e  s lo p es  
fo r  food r e l a t e d  a g g r e s s io n  ^^595 2 ”  3 .40 , P<Q.05; fo r  non- food  
re la te d  agg ress io n  ^^ 5^95^2 “ NS; comparing e le v a tio n s  ^1598^1 =
0.11 , NS.
(b) P u rp le  s a n d p ip e r :  C o v a rian c e  a n a ly s i s  com paring  s lo p e s  o f  food 
r e l a t e d  a g g re s s io n  ^845 ,2  “  4 .47, P<0.05. For n o n -fo o d  r e l a t e d  
aggression , comparing s lo p es  Fg^^ 2 -  1.49, NS; comparing e le v a tio n s
^848,1
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sm a lle r  sample s iz e s ,  a s  t±iere was no c o r re la t io n  between the  number
o f  e n c o u n te rs  o b s e rv e d  and  th e  dom inance s t a t u s  a s s ig n e d  ( r s p  
0 .266 , 10 d f . ,  NS).
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As s p r in g  p r e - m ig r a to r y  f a t t e n i n g  was found to  a f f e c t  th e  
a l l o c a t i o n  o f  t im e  to  v ig i l a n c e  (C hap ter 5 ), a n a ly s e s  w ere c a r r i e d  
o u t to  de term ine  w hether changes in  aggression  ra te  occurred  a t  th e  
same tim e . The p r e - m ig r a to r y  f a t t e n i n g  p e r io d  was ta k e n  to  be th e  
same th r e e  w eeks p r i o r  to  m ig r a t io n  a s  in  th e  v ig i l a n c e  a n a ly s i s
'(i.e . from 28th A p ril to  th e  tim e o f th e  l a s t  b ird s ' d ep a rtu re  in  mid 
May), and i n t r a s p e c i f i c  r a t e s  o f  a g g re s s io n  w ere com pared in  t h i s  
p e rio d  to  those  d u ring  th e  r e s t  o f  th e  w in te rin g  p e rio d , c o n tro llin g  
fo r c o n sp e c if ic  d e n s ity . The r e s u l t s  showed th a t  in  n e ith e r  sp ec ie s ia
d id  a g g re s s io n  r a t e s  a p p r e c ia b ly  a l t e r  d u r in g  th e  p r e - m ig r a t io n
p e r io d  (c o v a r ia n c e  a n a ly s e s ,  co m p arin g  s lo p e s :  tu r n s to n e  ^323^2 ” 
0.24, NS; p u rp le  sandp iper 2 “ 0.002, NS; comparing e le v a tio n s :
tu r n s to n e  ^325 x ” 1*30, NS; p u rp le  s a n d p ip e r  F^^^ ^ "  0 ,09 , NS).
4.2.2 Dominance H ie ra rc h ie s , and R e la tio n sh ip s  between Dominance, Use 
o f  Space and A sso c ia tio n s  in  T urnstones
The s m a l l  g ro u p  o f  m arked b i r d s  t h a t  r e g u la r ly  fo ra g e d  in  th e
S a ltc o a ts  and C o a lru f f ie  a re a  during  th e  exposure p e rio d  (Chapter 3) 
w ere seen  f r e q u e n t ly  enough fo r  t h e i r  in d iv id u a l  p e rfo rm a n c e s  in  
ag g ress iv e  encoun ters  to  be compared. There were marked d if fe re n c e s
in  th e  p ro p o rtio n  o f  in te r a c t io n s  won, both in  encounters w ith  o th er 
m arked b i r d s  and w ith  th o s e  o f  unknown i d e n t i t y .  F o llo w in g  th e  
procedure o f Ens & G oss-C ustard (1984), th e  p ercen tage  o f encounters
■ ï j î -
won has been used as  an in d ic a tio n  o f dominance; th e  range was from 
o n ly  4.2% f o r  th e  m ost s u b o rd in a te  b i r d  in  th e  sam p le  to  93.3% fo r  
th e  m ost d o m in a n t (T ab le  4 ,5 ), T here  was no e v id e n c e  t h a t  th e  
extrem es in  th e  p e rcen tag e  o f  encoun ters  won were a r t e f a c t s  due to
'" Il
T ab le  4 .5 shows t h a t ,  f o r  c o n te s t s  b e tw een  two m arked b i r d s ,  
only  f iv e  outcomes o u t o f  t h i r t y  went a g a in s t  th e  h ie ra rch y  based on 
o v e ra l l  percen tage  o f w ins. T his im p lie s  th a t  the  h ie ra rch y  was both 
s ta b le  and approx im ate ly  l in e a r  and t r a n s i t i v e .  A ll  f iv e  'r e v e r s a l '  
ou tcom es in v o lv e d  s im i la r ly - r a n k e d  p a i r s ,  which may in d ic a te  th a t  
they  were in c o r re c t ly  p laced , a lthough  in  th re e  o f th e  f iv e  cases the  
lo s in g  b i r d  was th e  w in n er on a t  l e a s t  one o th e r  o c c a s io n  o f t h a t  
p a i r  i n t e r a c t i n g .  T h ere  was no c o r r e l a t i o n  b e tw een  a b i r d 's  s iz e  
(measured as i t s  w ing-length) and i t s  dominance rank (r^^ = 0.004, 10 
d f . ,  NS).
Table 4 .5  Dominance H ierarchy  fo r  R esiden t S a ltc o a ts /C o a lru f f ie  B irds
LOSER T o ta l T o tal %
WINNER 030 010 124 121 117 120 119 025 125 118 126 039 won no. won
030 XXX 1 2 14 15 93.3
QIC XXX 8 9 88.9
124 XXX 1 1 1 3 8 11 72.7
121 2 XXX 1 1 1 3 10 14 71.4
117 1 XXX 2 7 12 58.3
120 XXX 2 4 7 57.1
119 XXX 3 1 12 22 54,5
025 XXX 1 4 25,0
125 1 1 XXX 2 4 17 23.5
118 XXX 2 12 16.7
126 XXX 1 12 8,3
039 XXX 1 24 4.2
Note: th e  t o t a l s  columns inc lu d e  in te r a c t io n s  w ith  unmarked b ird s
The home range was determ ined fo r  a l l  tw elve b ird s  in  Table 4.5, 
a lth o u g h  th e  s i z e  o f  th e  ran g e  f o r  b i r d  010 was p ro b a b ly  s e r io u s ly  
o v e r e s t im a te d ,  a s  i t  changed ra n g e  h a lfw a y  th ro u g h  th e  p e r io d  o f 
o b s e r v a t io n s  (as d is c u s s e d  in  s e c t io n  3 ,2 ,1 ). O m ittin g  t h i s  b i r d ,  
th e r e  i s  a s i g n i f i c a n t  n e g a t iv e  c o r r e la t io n  between dominance rank 
and home range s iz e  (Fig,4.6). The sam ple s iz e  i s  n e c e s sa r i ly  sm all, 
as few marked b ird s  were observed in  encoun ters fre q u e n tly  enough fo r 
t h e i r  dom inance s t a t u s  to  be a s s e s s e d .  H ow ever, a  f u r th e r  g ro s s  
co m p ariso n  can  be made u s in g  a l l  b i r d s  fo r  w hich home ran g es  w ere
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P ig ,4 .6, The r e l a t i o n s h i p  b e tw een  dom inance ran k  (m easured  a s  th e  
percen tage  o f enoun ters won) and home range s iz e  (in  h e c ta re s ) ; r^  = 
-0 .6 4 5 , n = 11, P< 0 .05 .
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determ ined. I f  th e  sample i s  ranked in  order of in c reas in g  home range 
s iz e ,  and th e  o v e ra l l  p ro p o rtio n  o f encounters won by th e  top  th ir d  
( -  th e  t h i r d  p r e d ic te d  to  be th e  m ost d o m in an t s e c t io n  o f th e  
p o p u la tio n )  i s  com pared  to  th e  p ro p o r t io n  won by th e  b o tto m  tw o - 
t h i r d s ,  th e  t h i r d  w ith  th e  s m a l l e s t  home ra n g e s  won a f a r  g r e a te r  
p r o p o r t io n  o f  t h e i r  e n c o u n te rs  o r 72 % (n = ll  b i r d s ) ,  a s
a g a in s t  "^V i24 (^2 %, 23 b i r d s ) ;  = 24.14, 1 d f , ,  P<0.001).
T a b le  4.6 M a tr ix  o f  C o r re c te d  C o e f f i c i e n t s  o f  A s s o c ia t io n  b e tw een  
C o a lru ff ie  T urnstones, Ranked in  Order o f  D ecreasing Dominance
D ecreasing dominance — -
124 121 117 120 119 125 118 039 Median
030 - 0.11 - 0.12 -0 .23 - 0.10 ■- 0.02 ■-0.19 --0.09 --0.03 -0 .105
124 ■- 0.12 -0 .0 9 -0 .0 3  •”0.06 0.07 0.12 0.15 0.04 0.005
121 ■0.10 0.02 •-0 .05 0.22 0.06 0.24 0.08 0.040
117 •0.04 -0 .08 0.11 0.07 0.12 0.12 0.045
120 +0 .09 0.01 ■-0 .05 0.01 - 0.02 -0.050
119 +0 .07 0.18 0.20 0.27 0.145
125 +0 .12 0.24 0.05 0.065
118 +0 .24 0.17 0.160
039 +0 .17 0.065
V alues g iven  a re  th e  d e v ia tio n s  from expected a s s o c ia tio n s ;  negative  
v a lu e s  i n d i c a t e  l e s s  th a n  e x p e c te d  a s s o c ia t i o n .  V a lu es  in  b o ld  a re  
th e  medians o f th e  in d ic a te d  d iag o n als
T h ere  was a l s o  a  r e l a t i o n s h i p  b e tw een  th e  dom inance rank  o f  a 
b i r d  and i t s  l e v e l  o f  a s s o c i a t i o n  w ith  o th e r  b i r d s .  C h ap te r 3 
examined a s s o c ia t io n s  between th e  group of marked b ird s  r e s id e n t  a t  
C o a l r u f f i e ,  c o r r e c t i n g  f o r  hom e r a n g e  o v e r l a p .  F ig u r e  3 .1 3 , 
i l l u s t r a t i n g  th e s e  r e l a t i o n s h i p s ,  i s  re p ro d u c ed  a s  F ig u re  4 .7 , 
showing th e  dominance rank ings w ith in  th e  sample. I t  i s  apparen t th a t  
dom inant b ird s  (e s p e c ia lly  b ird  030, th e  most dominant) had weaker
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F ig .4.7. M u lt i -d im e n s io n a l  s c a l in g  d iag ram  o f  th e  a s s o c i a t i o n s  
between n ine b ird s , c o rre c te d  fo r  home range overlap . The n in e  b ird s  
a re  num bered a c c o rd in g  to  t h e i r  dom inance ra n k , 1 b e in g  th e  m ost 
dominant.

a s s o c ia tio n s  w ith  o th e r  b ird s  than  d id  su b o rd in a tes . The c o e f f ic ie n ts  
o f  a s s o c i a t i o n  b e tw een  b i r d s  in  th e  sam p le , c o r r e c t in g  fo r  range 
o v e r la p ,  a r e  g iv e n  in  T ab le  4 .6 , T here  i s  a s i g n i f i c a n t  n e g a tiv e  
c o r r e la t io n  betw een a b ird 's  dominance rank and i t s  average (given as 
th e  median) le v e l  o f  a s so c ia tio n  w ith  th e  o th e r b ird s  (r^p = 0.804, 7 
d f . ,  P < 0 .0 1 ) . T h e re  i s  a l s o  a c l e a r  t r e n d  to w a r d s  g r e a t e r  
a s s o c ia tio n s  moving d ia g o n a lly  down ac ro ss  th e  ta b le ,  such th a t  two 
su b o rd in a tes  w ere seen  in  th e  same flo ck  more fre q u e n tly  than were 
s u b o rd in a te - d o m in a n t  p a i r s ,  w hich  in  tu r n  w ere see n  to g e th e r  more 
f re q u e n tly  than  p a i r s  o f  dom inants.
T a b le  4.7 Mean S i z e ^ o f  E xposure  P e r io d  F lo c k s  in  w h ich  C o a l r u f f ie  
Turnstone were found . B ird s  Ranked in  D ecreasing Order o f  Dominance
B ird  Mean Flock S ize S.E. n
030 10.64 1.55 22
124 11.41 1.48 37
121 12.76 1.59 33
117 12.79 1.88 28
120 13.50 1.79 26
119 13.81 1.66 42
125 13.10 1.26 39
118 14.11 1.96 35
039 14.12 2.03 33
* o b se rv a tio n s  made a f t e r  A p ril 15th each sp rin g  excluded
Thus th e re  was a tendency fo r  in c re a s in g  dominance s ta tu s  to  be 
c o r re la te d  w ith  a d ecreasin g  tendency to  be seen in  th e  same flo ck s  
as  o th e r marked b ird s ,  e s p e c ia l ly  i f  they  were a lso  o f  high dominance 
s t a t u s .  T h is  can  r e a d i l y  be se e n  in  F ig u re  4 .7; th e  f iv e  m ost 
dom inant b ird s  a re  a lm o st eq u a lly  spaced around th e  p e rip h e ry  o f the 
c l u s t e r  o f  s u b o r d in a te s ,  in d i c a t in g  t h a t  th e y  had a ten d en cy  fo r  
g r e a t e r  a f f i l i a t i o n  w ith  th e  s u b o rd in a te  c l u s t e r  th a n  w ith  each  
o th e r .  S in c e  b i r d s  w ere  re c o rd e d  a s  b e in g  a s s o c ia te d  i f  th e y  w ere 
p re se n t in  th e  same f lo c k , th e  im p lic a tio n  i s  th a t  dom inants tended 
to  be see n  in  s m a l le r  f lo c k s  t h a t  th e r e f o r e  c o n ta in e d  few er o f th e
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th u s  i t s  dom inance  rank  ( r ._  = -0 .9 5 0 , 7 d f , ,  P<0.01).
o th e r  m arked b i r d s .  T ab le  4.7 shows t h a t  t h i s  was in d eed  th e  c a se ; 
th e re  was a s ig n i f ic a n t  neg ativ e  c o r r e la t io n  between the  mean flock  
s iz e  a b ird  was seen in  and th e  p ro p o rtio n  o f  encoun ters  i t  won (and
I
■i
4 .2 .3  The E f fe c t  o f H a b ita t on th e  A ggression o f S horeb irds
Sample s iz e s  o f  g re a te r  than 20 o b serv a tio n s  were ob ta ined  fo r 
tu rn s to n e s  feed ing  in  e ig h t, and pu rp le  sandp ipers  feeding  in  fo u r, 
o f th e  e leven  h a b i ta t  types in  th e  s tudy  a rea  (ca teg o rised  in  Chapter 
1). The ag g ress io n  r a te /d e n s i ty  re la t io n s h ip s  were compared between 
th e se  h a b i ta ts ,  u sing  covariance an a ly ses  over th e  d e n s ity  range o f 
0-15  v i s i b l e  c o n s p e c i f ic s  w i th in  10 m o f th e  f o c a l  b i r d ,  as  
p rev io u s ly . I n t r a s p e c i f ic  ag g ress io n  was d iv id ed  in to  fo o d -o rien ta ted  
and non-food in te ra c t io n s ,  th e  two types being analysed  se p a ra te ly ,
.to  fu r th e r  d e term ine  whether th e  h a b i t a t  type a f fe c te d  both forms of 
.ag g ress io n .
In  n e ith e r  sp e c ie s  d id  r a te s  o f non-food ag g ress io n  vary between 
h a b i ta ts ,  c o n tro l l in g  fo r d e n s ity  ( te s t in g  homogeneity o f s lo p es  o f 
a g g re s s io n  r a t e / d e n s i t y  r e l a t i o n s h i p :  tu r n s to n e  = 0 .62 , NS;
p u r p l e  s a n d p ip e r  F ^ qq ^ = 1 .3 9 , NS; t e s t i n g  h o m o g e n e i ty  o f  
e l e v a t io n s :  tu r n s to n e  = 0 ,58 , NS; p u rp le  s a n d p ip e r  F^gg^g =
1 .0 3 , NS).
However, w h ile  h a b i ta t  type a lso  had no e f f e c t  on fo o d -re la te d  
agg ress io n  in  p u rp le  sandp ipers (comparing s lo p es , F^qq^  ^ = 2.37, NS; 
com paring  e l e v a t i o n s  F^q^ g = 1 ,32 , NS), th e  r a t e s  a t  w hich 
tu rn s to n e s  fought over food d if f e r e d  s ig n i f ic a n t ly  between h a b i ta ts  
(comparing s lo p e s , F^^q g = 5.59, P<0.01; th e  r e la t io n s h ip s  fo r each 
h a b i t a t  a r e  shown l a t e r  in  T ab le  4 .11 ). T hese d i f f e r e n c e s  m ig h t be 
p r e d ic te d  i f  t h e r e  w ere c o n s i s t e n t  d if f e re n c e s  between h a b i ta ts  in  
th e  tim es taken  by tu rn s to n e s  to  m an ipu la te  p rey  and /o r th e  r a te s  a t
98
which they  found p rey  item s . These would produce d if fe re n c e s  between 
h a b i ta ts  in  both  th e  o p p o r tu n i t ie s  a v a i l a b l e  fo r  k l e p to p a r a s i t i s r a ,  
and th e  p r o f i t a b i l i t y  o f such behaviour.
Table 4.8 shows th a t  th e re  were indeed s ig n i f ic a n t  d iffe re n c e s  
in  th e  t im e s  ta k e n  by tu r n s to n e s  to  m a n ip u la te  p re y  i te m s  in  
d i f f e r e n t  h a b i t a t s ,  w h ereas th e r e  w ere no d i f f e r e n c e s  betw een  
h a b i t a t s  f o r  p u r p le  s a n d p ip e rs .  S i m i l a r l y ,  th e r e  w ere  d i f f e r e n c e s  
between h a b i ta ts  in  th e  number o f m an ipu la tions made per m inute by 
t u r n s to n e s ,  b u t  n o t  in  th e  number made by p u rp le  s a n d p ip e r s  (Table 
4.9). (Mean m an ipu la tion  r a te s  were used, i r r e s p e c t iv e  o f co n sp ec ific  
d e n s ity , a s  d e n s ity  had no e f f e c t  on m an ipu la tion  r a t e  in  e leven  out 
o f  th e  tw e lv e  c a t e g o r i e s  (T able  4 .9 )) .
T a b le  4,8 Mean M a n ip u la tio n  T im es ( in  seconds) f o r  T u rn s to n e s  and 
P urp le  Sandpipers in  T heir Main H a b ita ts
TURNSTONE PURPLE SANDPIPER
H a b ita t Manip. tim e + SE (n) Manip. tim e + SE (n)
Rock 2.69 + 0.61 (91) 1.27 + 0.14 (59)
Boulder 3.62 + 0.42 (138)
Musselbed 2 .1 6 + 0 .3 2  (121) 1 .7 9 + 0 .2 5  (60)
Pools 1.75 + 0.37 (87) 1 .22  + 0.14 (33)
Loose rock 2,21 +^0.40 (100)
Dead wrack 3.65 +_ 0,58 (108)
Live wrack 5.04 + 1.11 (66)
Algae 1.44 + 0 .22 (75)
One-way A nalyses o f  V ariance comparing between h a b i ta ts ;
Turnstone ^ “  4 .5 7 , P<0.001; P u rp le  sandpiper 2 ~ 2 .53 , NS
Data g iven  fo r  a l l  h a b i ta ts  used in  an a ly ses  o f e f f e c t  o f h a b i ta t  on 
ag g ress io n  r a te s ,  ex cep t th a t  no m an ipu la tion  tim es  were ob ta ined  fo r 
p u rp le  sandp ipers  on loose  rock
The h y p o t h e s i s  t h a t  f o o d - o r i e n t a t e d  a g g r e s s io n  m ig h t be
dependent on th e  a v a i l a b i l i ty  o f  o p p o rtu n ity  was th e re fo re  examined
by m odelling ag g ress io n  r a te  as  a consequence o f p a ram ete rs  such as
m a n ip u la t io n  t im e  and s e a rc h  t im e ,  and th e n  co m p arin g  o b serv ed
ag g ress io n  r a te s  in  each h a b i ta t  w ith  those  p re d ic te d  by th e  model.
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H a b ita t Manip. r a te  + SE (n) C o rr. Manip. r a t e  2 SE (n) C orr.
Rock 14.1 + 0.9 (46) -0 .192 19.8 + 1 .6 (12) 0.098
Boulder 9 .2 + 0.6 (75) 0.106
Musselbed 14.5 + 0 .8 (51) 0.048 17.0 + 1 .1 (32) ■-0.077
Pools 21.5 + 1.6 (15) ■-0.495* 21.0 + 1 .4 (22) 0.086
Loose rock 13.2 + 0 .9 (41) •-0 .232 20.2 + 3 .1 (10) 0.472
Dead wrack 14.7 + 1 .2 (58) ■- 0.212
Live wrack 9 .8 + 1 .4 (17) ■-0.118
Algae 22.8 + 1,6 (15) 0.221 * = P<0.05
One-way A nalyses o f V ariance comparing between h a b i ta ts ;
Turnstone 7 = 13 .89 , P<0.001; P urp le  sandpiper P-yg 3 "  1 .63 , NS
.i5
f  
5- .T a b le  4 .9  M ean M a n ip u l a t i o n  R a te s  ( m a n i p u l a t i o n s / m i n ) , and 
C o rre la tio n s  betw een M anipulation  R ate and C o n sp ec iflc  D ensity , fo r  
T urnstones and P u rp le  Sandpipers in  th e i r  Main H a b ita ts
TURNSTONE PURPLE SANDPIPER #I
r
A Model o f  A ggression Rate in  D if fe re n t H a b ita ts
The purpose o f  th i s  model i s  to  a s s e s s  w hether th e  v a r ia t io n  in  
tu r n s to n e  a g g r e s s io n  r a t e s  in  d i f f e r e n t  h a b i t a t s  w ere cau sed  by 
v a r i a t i o n  in  th e  o p p o r tu n i t i e s  o f  k le p to p a r a s i t i s m ?  i t  a im s to  do 
t h i s  by producing p re d ic tio n s  o f th e  r e l a t iv e  r a te s  o f aggression  to  
be expected on th e  b a s is  o f  p rey  m an ipu la tion  tim es.
Due to  th e  g re a t  v a r ie ty  o f  p rey  ty p es  taken  by both sp ec ie s , i t  
was g e n e r a l ly  n o t  p o s s ib le  to  i d e n t i f y  p re y  i te m s  by o b s e r v a t io n  
o f  feed ing  b ird s , nor hence to  a s se s s  th e i r  p r o f i t a b i l i t y .  T herefore
th e  s im p lify in g  assum ption i s  made th a t  a  k le p to p a ra s ite  should be
i n t e r e s t e d  in  any  p re y  ite m  ju d g ed  w o rth y  o f  co n su m p tio n  by a
.c o n sp e c if ic , s in c e  th e  c o s ts  o f a ttem p tin g  to  k le p to p a ra s i t is e  were 
a p p a r e n t ly  v e ry  low  (th e  i n t e r a c t i o n s  a lw ay s  o c c u r r in g  betw een  
c lo se ly -a d ja c e n t b ird s , being very  s h o r t- l iv e d ,  and v i r t u a l ly  never 
p ro d u c in g  r e t a l i a t i o n ) .  Thus th e  m odel assu m es t h a t  a b i r d  w i l l  
a t te m p t  to  s t e a l  food  (or a fo r a g in g  p o s i t i o n  in  th o s e  s i t u a t i o n s  
where food can on ly  be gained by m an ipu la ting  th e  s u b s tra te )  from any
neighbouring su b o rd in a te  i f  g iven  th e  o p p o rtu n ity . The p ro b a b ili ty  o f
:
a f o c a l  b i r d  d i s p la c in g  a c o n s p e c i f ic  i s  th e r e f o r e  th e  p r o b a b i l i t y
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t h a t  i t  i s  n o t engaged  in  h a n d lin g  p re y  i t s e l f ,  m u l t i p l i e d  by th e  
p r o b a b i l i t y  t h a t  i t  i s  w i th in  s t r i k i n g  ran g e  o f  a s u b o rd in a te  b i r d  
th a t  i s  m an ipu la ting  p rey  or s u b s tr a te  a t  th a t  moment. For comparing 
be tw een  h a b i t a t s ,  i t  i s  assum ed t h a t  th e  p r o b a b i l i t y  o f  th e  f o c a l  
b ird  being dom inant to  i t s  neighbours i s  co n stan t. T herefo re , fo r  a 
g iv e n  d e n s i ty  and r e l a t i v e  dom inance  ran k  o f  th e  f o c a l  b i r d ,  th e  
p ro b a b il i ty  o f an a t ta c k  i s  g iven  by:
A = k ( 1 ~ P ro b a b il i ty  o f  fo c a l \ j  1 -  Prob. th a t  no neighbour \  
\ b ird  handling  prey  j \  i s  v u ln e rab le  to  an a tta c k  J
w here k i s  a c o n s ta n t ,  and 'v u ln e r a b le  to  a t t a c k '  i s  d e f in e d  a s
m a n ip u la t in g  p re y  f o r  a p e r io d  a s  l e a s t  a s  lo n g  a s  th e  minimum
r e q u ir e d  by a n e ig h b o u r to  a t t e m p t  a  k l e p t o p a r a s i t i c  a t t a c k .  The
e x p e c te d  number o f  e n c o u n te rs  p e r  b i r d  p e r  u n i t  t im e  p e r io d  i s
th e re fo re :
A = k (1 -  ND) [1 -  (1 -  T)^ ] (1)
where
N = number o f m an ipu la tions p e r u n i t  time
D = mean d u ra tio n  o f  a  m an ipu la tion  (- th e  m anipu lation  time)
T = p ro p o rtio n  o f tim e a b ird  i s  v u ln e rab le  to  a t ta c k  
n = number o f su b o rd in a te  ne ighbours w ith in  s t r ik in g  d is ta n c e
The value  o f T i s  g iven  by:
T = (D^ ”  L) (2)
whereL = minimum tim e p e rio d  re q u ired  by k le p to p a ra s ite  to  d e te c t  an 
o p p o rtu n e ity  and s t a r t  an a t ta c k  
Dj^  = mean d u ra tio n  o f m an ip u la tio n s  th a t  tak e  longer than  p eriod  L 
= number o f m an ipu la tions per u n i t  tim e th a t  tak e  longer than  L
Thus i f  a b ird  can m anipu late  and consume a p rey  item  in  under L
seconds, i t  cannot be a tta ck e d  by neighbouring k le p to p a ra s i te s ,  and
i f  a l l  m an ip u la tio n s  take  le s s  than  L seconds, T w i l l  be zero , and i t
i s  p re d ic te d  th a t  no ag g ress io n  w i l l  occur. I f ,  however, the  m a jo rity
o f  m a n ip u la t io n s  a r e  le n g th y , T w i l l  te n d  to w a rd s  one ( i .e .  th e r e
w i l l  alw ays be v u ln e ra b le  neighbours). The o th e r m ajor term  in  th e
eq u ation  concerns th e  p ro p o rtio n  o f tim e b ird s  spend moving between
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p re y  i te m s ; th e  l a r g e r  i t  i s ,  th e  more o f te n  th e y  w i l l  be a b le  to  
ta k e  a d v an ta g e  o f  any  k l e p t o p a r a s i t i c  o p p o r tu n i t i e s .  I f ,  how ever, 
food i s  superabundant such th a t  search  tim e i s  m inim al, l i t t l e  would 
be g a in e d  th ro u g h  k l e p to p a r a s i t i s m ,  and o b se rv ed  a g g re s s io n  r a t e s  
w i l l  be low.
One co m p lica tio n  w ith  th e  model i s  th a t  (as d esc rib ed  in  s e c tio n  
4.1) in  some h a b i t a t s  th e  g r e a t e r  p a r t  o f  th e  m a n ip u la t io n  tim e  i s  
taken  up w ith  s u b s tr a te  m an ipu la tion  ra th e r  than prey handling; an 
example being th e  tu rn in g -o v e r o f wrack to  lo c a te  hidden amphipods 
and d ip te r a n  la r v a e .  In  t h i s  s i t u a t i o n  d o m in an t b i r d s  may ta k e  
ad v an ta g e  o f  s u b o r d in a te s  by s u p p la n t in g  them  from  a fe e d in g  s i t e  
once th e  groundw ork  o f  w rack e x c a v a t io n  h as been done; th e y  th u s  
o b ta in  m ost o f  th e  food  w i th o u t  h av in g  to  spend tim e  ex p o sin g  i t .  
T h is r e s u l t s  in  dom inant b ird s  having s h o r te r  m anipu la tion  tim es than 
th e  average fo r  th e  p o p u la tio n  a s  a  whole. T herefore  two v a lues o f D 
( th e  a v e ra g e  m a n ip u la t io n  d u ra t io n )  may be r e q u i r e d :  one fo r  th e  
k le p to p a ra s ite  (to  de term ine  th e  p ro p o rtio n  o f tim e i t  spends moving 
b e tw een  p re y  i t e m s ) , and one f o r  i t s  n e ig h b o u rs  ( to  d e te rm in e  th e  
am ount o f  t im e  th e y  a r e  v u ln e r a b le  to  a t t a c k ) .  T h is  d i s t i n c t i o n  i s  
on ly  im portan t in  th o se  h a b i ta ts  where s u b s tra te  m anipu la tion  tim es 
a re  c o n sid e ra b le , namely dead and l iv e  wrack.
A ggression R ates P re d ic te d  by th e  Model
The r a t e s  o f  a g g re s s io n  p r e d ic te d  by th e  m odel w ere o n ly  
c a lc u la te d  fo r tu rn s to n e s  in  d i f f e r e n t  h a b i ta ts ,  a s  p u rp le  sandpipers 
showed no h a b i ta t  d if f e re n c e s  in  m an ipu la tion  tim es or ra te s .  Table 
4,10 g iv es  th e  v a rio u s  pa ram ete rs  req u ired  by equation  1, excep t fo r 
v a lu e s  o f  D and N, w hich  have a l r e a d y  been  g iv e n  in  T a b le s  4,8 and 
4.9 r e s p e c t iv e ly .  For th e  p u rp o se s  o f  co m p ariso n  b e tw een  h a b i t a t s ,  
p re d ic te d  r e la t iv e  r a te s  o f  ag g ress io n  have been c a lc u la te d  assuming
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t h a t  in  each  h a b i t a t  th e  f lo c k  d e n s i ty  e q u a ls  e ig h t  v i s i b l e  
tu r n s to n e s  w i th in  10 m o f  th e  f o c a l  b i r d ,  o f  w hich  fo u r a re  
s u b o rd in a te  to  i t  and w i th in  s t r i k i n g  d i s t a n c e  ( i .e .  n=4), and t h a t  
L, th e  t im e  r e q u i r e d  to  d e t e c t  a k l e p t o p a r a s i t i c  o p p o r tu n i ty  and 
c a r ry  o u t an a t ta c k ,  i s  th re e  seconds. T urnstones spend 8.3% o f th e i r  
t im e  v i g i l a n t  a t  th e  g iv e n  d e n s i ty  (F ig .5 .7); m a n ip u la t io n  t im e s  
(w hich a r e  g iv e n  w ith  th e  tim e  s p e n t  v i g i l a n t  s u b t r a c te d  in  T ab le  
4.8) have th e r e f o r e  b e e n  i n c r e a s e d  by t h i s  p r o p o r t i o n .  Mean 
m an ipu la tion  tim e s  and r a te s  fo r  dom inant b ird s  were ob ta ined  fo r the 
dead  w rack h a b i t a t  by f i lm in g  fe e d in g  f lo c k s ,  and th e n  m easu rin g  
th e se  p a ram ete rs  fo r  th o se  in d iv id u a ls  seen to  su p p lan t o th e rs  (but 
no t be supp lan ted  them selves); a maximum of 10 m an ipu la tion  tim es and 
a s in g le  m a n ip u la t io n  r a t e  w ere  re c o rd e d  p e r  in d iv id u a l .  The mean 
v a lu es  fo r  D and N o b ta in ed  fo r  th e se  dom inants (2,82 sec s  (n=65) and 
1 2 ,2/m in  (n=9) r e s p e c t iv e ly )  w ere th e n  u sed  to  d e te rm in e  th e  
p ro p o rtio n  o f  tim e dom inant b ird s  sp en t moving betw een food item s on 
dead wrack, w h ile  th e  p ro p o rtio n  o f tim e neighbours were vu ln erab le  
to  a t t a c k  was c a l c u l a t e d  u s in g  th e  v a lu e s  o f  D and N fo r  th e  
p o p u la t io n  a s  a w hole  (from  T a b le s  4,8 and 4 ,9 ). U n f o r tu n a te ly  t h i s  
c o rre c t io n  could  n o t be made fo r th e  l iv e  wrack h a b i ta t ,  as no video 
f i l m  was o b ta in e d  o f  b i r d s  fe e d in g  in  t h i s  s i t u a t i o n ,  and so th e  
m an ipu la tion  tim es  and r a te s  o f dom inants could n o t be measured.
Table 4,10 shows th a t  w h ile  th e re  i s  r e l a t iv e ly  l i t t l e  v a r ia t io n  
b e tw e e n  h a b i t a t s  in  th e  p r o p o r t i o n  o f  t im e  th e  d o m in a n t  
k l e p t o p a r a s i t e s  s p e n t  moving b e tw een  food  i te m s ,  th e r e  was much 
g re a te r  v a r ia t io n  in  th e  p ro p o rtio n  o f tim e  a t  l e a s t  one neighbouring 
b i r d  was v u ln e r a b le  to  a t t a c k ;  th e  v a lu e s  in  th e  g iv e n  s i t u a t i o n  
range from 39% (algae) to  97% ( liv e  wrack). This r e s u l t s  in  moderate 
v a r ia t io n  in  th e  r e l a t iv e  r a te s  o f ag g ress io n  p re d ic te d  by the  model.
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Table 4.10 C a lc u la tio n  o f  Expected R e la tiv e  R ates o f A ggression 
amongst T urnstones in  D if fe re n t  H a b ita ts  -  see t e x t  fo r  ex p lan a tio n
Expected r e la t iv e
H ab ita t ^L ^L (A) (B) ag g ress io n  ra te  (Axl
Rock 10.51 2.64 0.316 0.830 0.262
Boulder 8.03 3,22 0.298 0.749 0.233
Musselbed 7.87 2.52 0.435 0.634 0.276
Pools 8.83 2.71 0.321 0.739 0.237
Loose rock 8.01 2,64 0.474 0.665 0.315
Dead wrack 10.46 3.95 0.379 0.952 0.360
Live wrack 12.40 3.40 * 0.968 -—
Algae 6.04 2.12 0.408 0.389 0.159
N otes: Dj^ N^ -  see  eq u atio n  1.
(A) P r o p o r t io n  o f  tim e  p o t e n t i a l  k le p to p a ra s i te  spends moving 
between p rey  item s ( i . e .  (1 -  ND) in  e q u .l)
(B) P r o p o r t io n  o f  t im e  a t  l e a s t  one n e ig h b o u r i s  v u ln e r a b le  to  
a t ta c k  ( i . e .  [1 ~ (1 -  T)^ ] in  e q u . l ) .* no m easurem ents were made o f m an ipu la tion  r a te s  or tim es o f 
k lep to p a ras  i t e s
When th e se  p re d ic t io n s  a re  compared to  the  observed agg ression  
r a t e s  (T ab le  4 .1 1 ), th e r e  i s  a s i g n i f i c a n t  c o r r e l a t i o n  b e tw een  th e  
p r e d ic te d  and o b se rv e d  v a lu e s  (r^ ^  -  0 .929, 5 d f . ,  P<0,01). F u r th e r  
in d ir e c t  su p p o rt fo r  t h i s  c o r r e la t io n  comes from two h a b i ta ts  which 
would have been p laced  a t  e i th e r  ends o f th e  spectrum  o f agg ression  
r a t e s  had enough d a ta  been  c o l l e c t e d  to  in c lu d e  them . As e x p la in e d  
e a r l i e r ,  i t  was n o t p o s s ib le  to  g e n e r a te  an e x p e c te d  r a t e  o f 
agg ression  fo r b ird s  feed ing  on l iv e  wrack; however, i t  i s  c a lc u la te d  
t h a t  b i r d s  s p e n t  a  g r e a t e r  p r o p o r t io n  o f  t h e i r  t im e  v u ln e r a b le  to  
k l e p t o p a r a s i t i c  a t t a c k  in  t h i s  h a b i t a t  th a n  any o th e r  (T ab le  4 ,1 0 ), 
and in d eed  th e  r a t e  o f  a g g re s s io n  in  l i v e  w rack  was o b se rv ed  to  be 
th e  h i g h e s t  f o r  an y  h a b i t a t .  I n  c o n t r a s t ,  m e a s u re m e n ts  o f  
m a n ip u la t io n  r a t e s  and t im e s  o f  b i r d s  fe e d in g  on th e  t i d e l i n e  
in d ic a te d  t h a t  b i r d s  w ere  ta k in g  v e ry  s m a l l  p re y  i te m s ,  a t  a  f a s t  
r a t e ,  from  th e  w a te r  s u r f a c e .  As a  r e s u l t ,  n e ig h b o u rs  o f  d o m in an t 
b i r d s  w ere c a l c u l a t e d  to  be v u ln e r a b le  to  a t t a c k  o n ly  5.1% o f  th e  
tim e  ( c f .97% o f  th e  t im e  in  l i v e  w ra c k ) , and th e  e x p e c te d  r e l a t i v e  
r a t e  o f  a g g r e s s io n  w as 0 .038, th e  lo w e s t  o f  any h a b i t a t .  W hile  o n ly
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18 o b se rv a tio n s  w ere made o f b ird s  fo rag in g  in  t h i s  h a b i ta t ,  too few 
to  c a l c u l a t e  an a g g r e s s io n  r a t e / d e n s i t y  r e g r e s s io n ,  n o t a s in g l e  
in s ta n ce  o f ag g re ss io n  over food was recorded , lend ing  suppo rt to  the  
p r e d i c t i o n  o f  an e x tre m e ly  low a g g r e s s io n  r a t e .  Thus th e  g e n e ra l  
conclusion  i s  th a t  r e la t iv e  r a te s  o f fo o d -re la te d  ag g ress io n  could be 
p re d ic te d  p u re ly  on the  b a s is  o f th e  a v a i l a b i l i t y  o f k le p to p a ra s i t ic  
o p p o rtu n ity .
T a b le  4.11 O bserved  R e la t io n s h ip s  b e tw een  F o o d - r e la te d  A g g re ss io n  
R a te s  and C o n s p e c if ic  D e n s ity  in  T u rn s to n e s  F e e d in g  in  D i f f e r e n t  
H a b i t a t s ,  G iven  in  O rder o f  M ag n itu d e , w i th  R an k in g s o f  P r e d ic te d  
R ates (from T a b le  4 .10 ).
Rate a t  d e n s ity  = 8
H a b ita t C o rre la tio n (n) R egression eq u ation Obs. Rank o f
Live wrack 0 . 6 4 9 * * * ( 3 6 ) y = 0 . 1 7 1 X  -  0 . 3 0 3 1 . 0 7
Dead wrack 0 . 2 3 1 * * ( 1 0 9 ) y = 0 . 0 4 5 X  +  0 . 1 6 5 0 . 5 3 1
Musselbed 0 . 2 7 5 * * * ( 2 1 3 ) y = 0 . 0 3 9 X  -  0 . 0 0 1 0 . 3 1 3
Loose rock 0 , 2 2 2 * * (158) y  = 0 . 0 3 6 X  +  0 . 0 1 4 0 . 3 0 2
Rock 0 . 2 3 4 * * ( 1 2 0 ) y = 0 . 0 3 1 X  +  0 . 0 1 2 0 . 2 6 4
Pools - 0 . 0 0 2 ( 2 1 ) 0 . 1 9 5
Algae 0 . 0 4 6 ( 2 5 ) 0 . 0 8 7
Boulder - 0 . 0 6 0 ( 9 6 ) 0 . 0 1 6
**P<0.01 ***P<0.001
The observed ag g ress io n  r a te  a t  d e n s ity  = 8 i s  g iven  as  th e  mean fo r  
a l l  o b s e r v a t i o n s  w h e re  th e  c o r r e l a t i o n  w i th  d e n s i t y  i s  n o t  
s ig n i f ic a n t
4 .3  D iscussion
The m a jo r i ty  o f  i n t e r a c t i o n s  in v o lv in g  tu r n s to n e s  o r p u rp le  
san d p ip ers  involved e i th e r  s p e c if ic  food item s o r feed ing  s i t e s ,  and 
both  sp ec ie s  were more l ik e ly  to  f ig h t  over food w ith  co n sp e c if ic s  
than  w ith  o th e r sp ec ie s . In  f a c t ,  th e re  were v e ry  few in te r s p e c if ic  
ag g ress iv e  in te ra c t io n s  over food, th e  m a jo r ity  o f encounters between 
sp ec ie s  being s i tu a t io n s  where th e  sm a lle r  b ird  was fo rced  to  move 
o u t  o f  th e  p a th  o f  th e  l a r g e r .  S in c e  tu r n s to n e s  and ( e s p e c ia l ly )  
p u rp le  sandp ipers  a re  sm a lle r  than  redshanks o r o y s te rc a tc h e rs , the  
most abundant o f th e  o th e r sp ec ie s  in  th e  s tudy  a re a , they  in v a ria b ly
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l o s t  such encoun te rs . S im ila r  s iz e - r e la te d  in te r s p e c i f ic  dominance in  
m ix e d -s p e c ie s  w ader a sse m b la g e s  h a s  been  found by B urger e t  a l . 
(1979) and Stawarczyk (1984).
T hus w h i le  i n t e r s p e c i f i c  i n t e r a c t i o n s  w ere  c h i e f l y  over 
in d iv id u a l  d i s t a n c e ,  a g g re s s io n  b e tw een  c o n s p e c i f ic s  was m ain ly  
c o n c e r n e d  w i th  f o o d ,  and  i n c r e a s e d  in  r a t e  w i th  i n c r e a s i n g  
c o n sp e c if ic  d e n s ity , up to  a t  l e a s t  in te rm e d ia te  d e n s i t ie s  (as a lso  
found in  many o th e r s tu d ie s  o f w aders, fo r in s tan ce  Recher & Recher 
(1969), G o ss -C u s ta rd  (1977a), B urger e t  ^ . ( 1 9 7 9 ) ,  F le i s c h e r  (1983) 
and Staw arczyk (1984). Two o f th e se  s tu d ie s  (Recher & Recher 1969 and 
S taw arczy k  1984) have s u g g e s te d  t h a t  a g g re s s io n  r a t e s  in  some 
s i t u a t i o n s  may a c t u a l l y  d e c re a s e  a g a in ,  th ro u g h  some form  o f  
a g g re s s io n  s u p p re s s io n ,  a s  d e n s i ty  r e a c h e s  h ig h  l e v e l s ,  though  th e  
e v id e n c e  fo r  t h i s  i s  n o t u n e q u iv o c a l. In  th e  p r e s e n t  s tu d y  to o  few 
o b se rv a tio n s  were made a t  th e  h ig h e s t d e n s i t ie s  fo r  th e  tren d  to  be 
c l e a r ,  though  i t  was a p p a re n t  t h a t  th e  a g g re s s io n  r a t e / d e n s i t y  
r e la t io n s h ip  was n o t l in e a r  over th e  e n t i r e  d e n s ity  range.
The in c r e a s e  in  k le p to p a r a s i t i s m  w ith  in c r e a s in g  c o n s p e c if ic  
d e n s ity  in d ic a te s  a p robab le  c o s t  o f f lo ck in g  w ith  co n sp e c if ic s . The 
g r e a t e r  lo s s  o f  food  i te m s  and fe e d in g  p la c e s  a t  h ig h e r  d e n s i t i e s  
m ig h t have a s e r io u s  e f f e c t  on th e  food  in ta k e  r a t e s  o f  b i r d s ,  
e s p e c ia l ly  su b o rd in a tes . Food in tak e  was n o t measured in  th i s  study, 
due to  th e  b re a d th  o f  b o th  d i e t  and fe e d in g  te c h n iq u e s  m aking i t  
d i f f i c u l t  to  q u a n t i f y  food in ta k e  r a t e s  and d i e t  by o b s e r v a t io n . 
However, much p rev io u s  work on waders has shown th a t  in tak e  r a te s  are  
reduced a t  h igh  d e n s i t ie s  (reviewed in  G oss-Custard 1980, a lso  Zwarts 
& D re n t 1981, S u th e r la n d  & Koene 1982, F le i s c h e r  1983, Ens & G oss- 
C ustard  1984). W hile in  some cases  t h i s  may be due to  food d e p le tio n , 
i t  i s  o f te n  ap p aren t th a t  th e  red u c tio n  in  in ta k e  i s  re v e rs ib le , and
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t h a t  i t  i s  th e  p re s e n c e  o f  th e  b i r d s  th e m s e lv e s  ( r a th e r  th a n  any 
re d u c tio n  in  p rey  biomass) th a t  i s  causing  th e  d rop  in  feeding ra te . 
T h is  phenomenon o f  i n t e r f e r e n c e  may have s e v e r a l  c a u s e s , such as 
in c reased  ag g ress io n  r a te  and k le p to p a ra s it is m , reduced e f f ic ie n c y  o f 
s e a r c h in g ,  and d e p re s s io n  o f  p re y  a v a i l a b i l i t y  (Goss-Custard 1980). 
One o f the  more com plete s tu d ie s  o f  in te r fe re n c e , th a t  by Ens & Goss- 
C ustard  (1984) on o y s te rc a tc h e rs  feed ing  on m usselbeds, showed th a t  
a l l  b u t  t h e  m o s t d o m in a n t  b i r d s  in  t h e  p o p u l a t i o n  s u f f e r e d  
in te r fe re n c e , w ith  d ecreasing  in ta k e  r a te s  as d e n s ity  increased . I t  
had been shown p re v io u s ly  th a t  lo s in g  food item s to  k le p to p a ra s ite s  
red u ced  a b i r d 's  in ta k e  r a t e ,  and t h a t  i n d iv id u a l s  d i f f e r e d  in  th e  
r a te  a t  which they  a tta ck ed  o th e r b ird s  (G oss-Custard e t  1982b). 
Ens & G oss-Custard (1984) concluded th a t  th e  in te r fe re n c e  experienced 
by m ost o f  th e  p o p u la t io n  was a r e s u l t  o f  b o th  lo s in g  food ite m s  to  
more dom inant b ird s ,  and spending tim e avo id ing  them; th i s  avoidance 
may a lso  have fo rced  su b o rd in a tes  in to  using  a l te r n a t iv e ,  secondary 
feed ing  a re as  when d e n s i t ie s  were h ig h e s t.
S tu d ie s  on c a p t iv e  b i r d s  o f  o th e r  s p e c ie s  have a ls o  shown 
d i f f e r e n t i a l  fo r a g in g  b e n e f i t s  o f  f lo c k in g  f o r  in d iv id u a ls  o f 
d i f f e r e n t  ran k . For in s ta n c e ,  d o m in a n t g r e a t  t i t s  P a ru s  m ajo r and 
d a rk -e y e d  ju n c o s  Ju nco  h y e m a lis  may e x p l o i t  th e  fo o d - f in d in g  
a b i l i t i e s  o f  o th e r  members o f  a f lo c k ,  m o n o p o lis in g  any cach es  o f  
food th a t  a re  d iscovered  (Baker 1978, Krebs 1980a, Baker e t  a l.l9 8 1 ). 
I n  t h i s  s i t u a t i o n  d o m in a n ts  e x p e r i e n c e  an  i n c r e a s i n g  fo o d  
a v a i l a b i l i t y  as  f lo c k  d e n s ity  in c re a se s , w hereas th e  op p o site  i s  tru e  
fo r  th e  r e s t  of th e  flo ck .
Such d i f f e r e n t i a l  b e n e f i ts  o f f lo ck in g  w i l l  on ly  a r is e  i f  th e re  
a re  c o n s is te n t  d if fe re n c e s  betw een in d iv id u a ls  in  th e i r  a b ilit ie s  to  
k l e p t o p a r a s i t i s e .  T h is  s tu d y  h a s  show n t h a t  t h e  o u tc o m e  o f  
in te r a c t io n s  between tu rn s to n e s  o r p u rp le  san d p ip e rs  i s  o f te n  decided
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on th e  b a s is  o f s im p le  th r e a t  d is p la y s , and a re  a lm ost in v a r ia b ly  won 
by th e  i n i t i a t i n g  b i r d ;  th e  im p l i c a t io n  i s  t h a t  ou tcom es o f  
encoun te rs  a re  h ig h ly  p re d ic ta b le  to  th e  in te r a c ta n ts  on th e  b a s is  of 
assessm ent cues o b ta in ed  p r io r  to  th e  c o n te s t  (Barnard & Burk 1979), 
In  a d d itio n , i t  was apparen t from a sample o f in te r a c t io n s  between 
marked b ird s  th a t  some form of h ie ra rc h y  e x is te d  in  tu rn s to n e s . Ihus 
th e  p r e d ic ta b i l i ty  o f outcomes o f encoun ters was u n lik e ly  to  be due 
m e re ly  to  some fo rm  o f  a r b i t r a r y  d e c i s io n  r u l e  (Maynard S m ith  & 
P a rk e r  1976) su ch  a s  ' i n i t i a t o r  w in s '.  D e ta i le d  work by M a rsh a ll 
(1981) on c a p t iv e  tu r n s to n e s  d e m o n s tra te d  t h a t  a  g roup  o f  14 b i r d s  
formed an approx im ate ly  l in e a r  h ie ra rc h y  w ith in  two days, which was 
c o n s i s t e n t  in  b o th  fe e d in g  and n o n - fe e d in g  c o n te x ts .  I t  l a s t e d  f o r  
o v e r s ix  m o n th s , and had a s  low  a fre q u e n c y  o f  i n i t i a t o r s  lo s in g  
in te ra c t io n s  a s  in  th e  p re s e n t study. Furtherm ore, th e  more dom inant 
b i r d  o f  a  p a i r  w ould  u su rp  th e  s u b o rd in a te  from  fe e d in g  s i t e s  and 
fo o d  i t e m s  in  t h e  sam e m an n er a s  o b s e r v e d  in  th e  w i l d ,  and  
s u b o rd in a te s  w ould o f te n  e sc a p e  c o n fro n ta tio n  by a c t iv e ly  avoiding 
dom inants (M arshall 1981). W hile in  some cases h ie ra rc h ie s  produced 
in  sm all, confined  c a p tiv e  p o p u la tio n s  may bear l i t t l e  resem blance to  
s o c i a l  s t r u c t u r e s  in  th e  w ild  (M yers 1983), th e  s i m i l a r i t i e s  in  
behaviour between c a p tiv e  and w ild  tu rn s to n e s , and th e  f a c t  th a t  w ild  
tu rn s to n e s  may flo c k  re g u la r ly  w ith  as  few as 50 o th e r in d iv id u a ls  
over th e  course  o f  a  w in te r (Chapter 3), make i t  h ig h ly  probab le  th a t  
w ild  tu r n s to n e s  h ave  v e ry  s t a b l e  dom inance h i e r a r c h i e s  b a sed  on 
assessm ent cues.
There i s  some evidence th a t  ag g ress io n  i s  g re a te r  (both in  term s 
o f r a te  and in te n s i ty )  in  th e  w ild  in  autumn than  d u ring  th e  r e s t  o f 
th e  w in te r  (M a rsh a ll  1981), w hich  may be th e  r e s u l t  o f  a dom inance 
assessm ent p e rio d  d u ring  which th e  h ie ra rch y  i s  reform ed. The long -
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term  s t a b i l i t y  o f th e  po p u la tio n  may r e s u l t  in  many a d u lts  re ta in in g  
much th e  rank a s  they  he ld  th e  p rev io u s  w in te r . However, ju v e n ile s  in  
th e i r  f i r s t  autumn must le a rn  th e i r  s ta tu s ,  and hence may be involved 
in  a  d isp ro p o rtio n a te  number o f encoun ters  w ith  a d u lts  (to  which they 
a re  a t  l e a s t  i n i t i a l l y  su b o rd in a te ), p o ss ib ly  through th e i r  f a i l in g  
to  recogn ise  when o th e r b ird s  should be avoided (Groves 1978).
The cu es  u sed  by a n im a ls  to  a s s e s s  dom inance s t a t u s  o f
%
c o n s p e c i f i c s  may ta k e  s e v e r a l  fo rm s. They may be u n fa k e a b le  
i n d i c a t o r s  o f  c o m p e t i t iv e  a b i l i t y  (such a s  s i z e ) ,  badge s ig n a l s  o f 
s t a t u s  (an exam ple  b e in g  th e  b la c k n e s s  o f  th e  t h r o a t  in  H a r r is ' 
sp a rro w  Z o n o t r ic h ia  q u e ru la  (Rohwer 1975)), o r th e  sy stem  may be 
b ased  on in d iv id u a l  r e c o g n i t io n  and th e  rem em brance o f  p re v io u s  
r e la t iv e  s ta tu s .  No c o r re la t io n  was ev id en t between dominance s ta tu s  
and body s iz e ,  and although  th e re  i s  v a r i a b i l i t y  in  tu rn s to n e  plumage 
(Ferns 1978), i t  does no t seem to  be r e la te d  to  dominance s ta tu s  (P.
W h i t f i e ld ,  p e r s .  comm.). However, e x p e r im e n ts  w ith  b i r d s  on t h e i r  
b r e e d in g  g ro u n d s  h a v e  show n t h a t  tu r n s to n e s  r e c o g n is e  t h e i r  
neighbouring t e r r i  to r  y -h o ld e rs  on th e  b a s is  o f  plumage (P. W h itf ie ld , 
p e rs . comm.), and th e re  seems to  be no reason  why such d isc r im in a to ry  
a b i l i t y  should  n o t a ls o  apply  to  th e  w in te rin g  popu la tio n .
Less can be s a id  about th e  s o c ia l  s t ru c tu re  o f w in te rin g  purp le  
san d p ip ers , as  com parable d a ta  on in d iv id u a l v a r i a b i l i t y  in  dominance 
a re  lack in g . I t  has been shown t l ia t  in d iv id u a l p u rp le  sandp ipers were 
l e s s  p r e d i c t a b l e  in  t h e i r  m ovem ents th a n  tu r n s to n e s  (C hapter 2 ), 
which may have le d  to  g re a te r  mixing o f th e  p o p u la tio n , and p o ss ib ly  
made in d iv id u a l- re c o g n itio n  dominance h ie ra rc h ie s  l e s s  l ik e ly .  This 
may ex p la in  why in te ra c t io n s  between p u rp le  san d p ip ers  were, on th e -.4:
:'V.'whole, o f  g re a te r  in te n s i ty  than  th o se  between tu rn s to n e s , although 
th e y  to o  w ere  s h o r t - l i v e d  and a lm o s t  a lw ay s  won by th e  i n i t i a t i n g  
b ird . Links between th e  e x te n t o f  s o c ia l  s t a b i l i t y  o r s t ru c tu re  and
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i n t e n s i t y  o f  a g g r e s s io n  have been  shown in  o th e r  s p e c ie s  o f w ader. 
B urger e t  (1979) found t h a t  under 10% o f  i n t e r a c t i o n s  betw een  
s a n d e r l in g s  (w hich fo rm  random  f lo c k s  and show l i t t l e  s ig n s  o f 
dom inance s t r u c t u r i n g  (M yers 1 983)) w e re  d i s p l a c e m e n t s  ( i . e .  
th r e a ts ) ,  w ith  th e  m a jo r ity  being ag g ressive  chases. S im ila r  r a t io s  
were found in  knots C a l id r is  canu tus, which form huge f lo c k s  (Cramp & 
Simmons 1982) and th e r e f o r e  p ro b a b ly  a l s o  behave a s  anonymous 
in d iv id u a l s .  In  c o n t r a s t ,  a b o u t 40% o f  tu r n s to n e  i n t r a s p e c i f i c  
i n t e r a c t i o n s  o b se rv e d  by B urger e t  a l . (1979) in  th e  same s i t u a t i o n  
were d isp lacem en ts , and th e  f ig u re  was even h igher fo r  b la c k -b e ll ie d  
(= grey) p lo v e rs ; both  th e se  sp ec ie s  have very  s ta b le  s o c ia l  system s 
w ith  non-random  a s s o c i a t i o n s  b e tw een  in d iv id u a l s  ( t h i s  s tu d y , 
Townshend ^  1984).
The e v id e n c e  s u g g e s ts  t h a t  a p ro p o r t io n  o f  th e  tu rn s to n e  
p o p u la t io n  m ig h t s u f f e r  a p p r e c ia b le  c o s t s ,  from  b e in g  v ic t im s  o f  
k le p to p a ra s i t ic  a t ta c k s ,  i f  they  were in  c lo se  p ro x im ity  to  b ird s  o f 
g re a te r  dominance s ta tu s .  U nless th e re  a re  com pensatory b e n e f i ts  fo r 
su b o rd in a tes  in  being c lo se  to  dom inants, i t  would be expected th a t  
th e y  sh o u ld  a v o id  them , and c o n v e r s e ly ,  d o m in an ts  sh o u ld  seek  o u t 
those  more su b o rd in a te  (Baker 1978), I t  has been suggested  (Rohwer & 
Ewald 1981) th a t ,  w h ile  su b o rd in a tes  pay a  c o s t  in  p rov id ing  food fo r 
d o m in a n ts , th e y  may g a in  an ad v an tag e  in  a v o id in g  a g g r e s s io n ,  a s  
d o m in a n ts  may c o n t e s t  w i th  e a c h  o t h e r  f o r  t h e  p o s i t i o n  o f  
k le p to p a ra s ite . The dom inants and subo rd in a tes  in  th i s  s i tu a t io n  may 
be envisaged a s  adop ting  two behav iou ra l s t r a te g ie s  o f  equal f i tn e s s .  
H ow ever, t h i s  e x p la n a t io n  w ould ap p ea r u n l ik e ly  in  th e  p r e s e n t  
co n tex t, as  th e re  was no evidence th a t  su b o rd in a tes  were involved in  
le s s  ag g ress io n  than  dom inants (in  f a c t  the  most su b o rd in a te  b ird  in  
th e  sam ple was observed  in  more in te ra c t io n s  than  any o th e r).
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a l l  p o te n t ia l  s i t e s  tended to  be occupied .
S'
The c o s t  to  su b o rd in a te s  in  being near dom inants may ex p la in  why 
dom inants tend  to  be in  sm a lle r  f lo c k s , as  th e re  w i l l  be a tendency 
fo r b ird s  th a t  break  away from  flo c k s  to  a t t r a c t  few er fo llo w e rs  i f  
they  a re  dom inants than  i f  they  a re  su b o rd in a tes . Since even th e  most 
d o m in an t b i r d s  a r e  o n ly  o b ta in in g  a r e l a t i v e l y  s m a l l  f r a c t i o n  o f 
th e i r  in tak e  through k le p to p a ra s it is m  a t  norm al flo ck  d e n s i t ie s ,  they 
by no m eans r e l y  on th e  p re s e n c e  o f  s u b o rd in a te s  to  lo c a t e  food . 
T h e re fo re  s e a rc h in g  o u t  s u b o r d in a te s  i s  p ro b a b ly  n o t th e  p rim e
-c o n s id e r a t io n  when d e c id in g  w here to  fo ra g e , (The q u e s t io n  o f  how 
b ird s  a re  a f fe c te d  in  th e i r  sea rch in g  behaviour by th e  movements o f 
o th e r  b i r d s  w i l l  be e x p lo re d  in  m ore d e t a i l  in  C h ap te r 6.) The
s i t u a t i o n  i s  t h e r e f o r e  n o t  a k in  to  th e  s c e n a r io  e n v isa g e d  by S ib ly  
(1984}, where th e  p o p u la tio n  i s  d iv id ed  in to  two ty p es, "producers" 
and " sc ro u n g e rs "  ( i .e .  th o s e  t h a t  lo c a t e  and 'p ro d u c e ' th e  fo o d , and 
t h o s e  ( th e  k l e p t o p a r a s i t e s )  t h a t  s t e a l  i t ) ;  s u c h  a r i g i d  
c a te g o r is a t io n  i s  perhaps more a p p lic a b le  to  cases  o f  in te r s p e c i f ic  
k le p to p a r a s i t i s m .  In  tu r n s to n e s ,  i t  would ap p ea r t h a t  a l l  b u t th e  
m ost s u b o rd in a te  b i r d s  in  th e  p o p u la t io n  w i l l  a t te m p t  to  s t e a l  
p r o f i t a b l e  food  from  a  lo w e r- ra n k e d  n e ig h b o u r i f  th e  o p p o r tu n i ty  
a r i s e s ,  b u t  w i l l  o th e r w is e  s e a rc h  fo r  food  th e m s e lv e s . Only in  th e  
d e n se s t ag g reg a tio n s  w i l l  pure k le p to p a ra s itism  be a v ia b le  op tion ; 
th i s  was only  approached in  f lo c k s  feed ing  on banks o f  dead wrack a t  
h ig h  w a te r .  A t th e s e  t im e s  s u b o r d in a te s  co u ld  n o t e sc a p e  from  such  
e x p l o i t a t i o n ,  a s  f e e d in g  p a tc h e s  w ere so  re d u c ed  in  number t h a t
Hie f in d in g  th a t  th e  most dom inant in d iv id u a ls  a re , on average.
found in  s m a l le r  g ro u p s  w ould a l s o  be p r e d ic t e d  by th e  g roup  
s iz e / t im e - b u d g e t in g  th e o r i e s  o f  P u ll ia m  and C araco  (P u llia m  1976, 
C araco  1979a, P u l l ia m  & C araco  1984). H ow ever, th e y  make th e  
a ssu m p tio n  t h a t  d o m in a n ts  g a in  no fo o d - f in d in g  ad v an ta g e  from
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su b o rd in a tes . Thus a lthough  sm all numbers o f flockm ates w i l l  confer 
a n t i - p r e d a t o r y  a d v a n ta g e s , th e r e  w i l l  come a p o in t  w here th e  food 
in ta k e  r a t e  o f  a  d o m in a n t w i l l  s t a r t  to  d ro p  a s  more s u b o rd in a te s  
jo in  th e  group, causing  d e p le tio n  and in te r fe re n c e . T herefore P ulliam  
and Caraco su g g est th a t  th e  increased  ag g ression  r a te  seen a t  h igher 
f lo c k  d e n s i t i e s  i s  due to  d o m in an ts  a t te m p t in g  to  d r iv e  o f f  
s u b o r d in a te s ,  so  re d u c in g  b o th  g roup  s i z e  and th e  c o m p e t i t io n  fo r  
re so u rce s .
Where th e se  two fu n c tio n s  o f ag g ress io n  (k le p to p a ra s itism  versus 
c o m p e t i t io n - r e d u c t io n )  d i f f e r  i s  in  th e  c o n te x t s  o f  a g g re s s iv e  
e n c o u n te r s ,  th e  f a c t o r s  w hich  a f f e c t  th e  r a t e  a t  w hich th e y  o c c u r , 
and th e  p r e d ic t e d  o p t im a l  g ro u p  s i z e / d e n s i t y  f o r  d o m in a n ts ,  
K l e p to p a r a s i t i c  a g g r e s s io n  (by d e f i n i t i o n )  o n ly  o c c u rs  over fo o d , 
w h e rea s  a g g r e s s io n  aim ed a t  re d u c in g  c o m p e t i t io n  may occu r a t  any 
tim e. The l a t t e r  should  a lso  occur a t  as h igh  a r a te  as i s  com patib le  
w ith  o th e r  a c t i v i t i e s  ( i .e .  a b i r d  sh o u ld  spend  a l l  i t s  ' f r e e  t im e ' 
c h a s in g  o f f  o th e r s )  (C araco  1979a). Thus C araco  (1979b) found t h a t  
th e  r a te  o f (co m p etitio n -red u c tio n ) ag g ress io n  in creased  when th e re  
was a  r e d u c t io n  in  th e  tim e  re q u ir e d  f o r  fo r a g in g ;  no such change 
occurred  in  th i s  s tudy . In  c o n tra s t ,  th e  r a t e  o f k le p to p a ra s itism  is  
p r im a r i ly  a f fe c te d  by th e  p r o f i t a b i l i t y  o f p o te n t ia l  p rey  (Brockman & 
B arn a rd  1979) and th e  o p p o r tu n i t i e s  a v a i l a b l e  to  s t e a l  p re y  i te m s  
( th is  study). I t  i s  in te r e s t in g  to  no te  th a t  g u l l s  made v i r t u a l ly  no 
k le p to p a ra s i t ic  a t ta c k s  on e i t h e r  tu r n s to n e s  o r p u r p le  s a n d p ip e r s ,  
w hereas in  s i tu a t io n s  where waders a re  hand ling  la rg e r  prey  (which 
a re  bo th  more p r o f i ta b le  and take  longer to  handle) in d iv id u a l g u l l s  
may a d o p t a  p u r e ly  k l e p t o p a r a s i t i c  fe e d in g  m ethod (B arnard  e t  aT. 
1982). The d i f f e r e n c e  b e tw een  th e  tw o ty p e s  o f  a g g re s s io n  in  th e  
p re d ic te d  o p tim a l group s iz e s  fo r  dom inants i s  due to  the  presence o f
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many su b o rd in a tes  being a  c o s t  in  one s i tu a t io n  and a b e n e f i t  in  the  
o th e r .  H ow ever, a l th o u g h  k l e p t o p a r a s i t i c  d o m in a n ts  w i l l  g a in  from  
la rg e  groups (or h igh  d e n s i t ie s ) ,  th e i r  p resence  w i l l  tend to  d riv e  
su b o rd in a te s  away, r e s u l t in g  in  th e i r  experienc ing  sub -o p tim al group 
s i z e s .  B a rn a rd  e t  a l .  (1982) o b ta in e d  d i r e c t  e v id e n c e  o f t h i s  
p ro cess , when they  found th a t  th e  a r r iv a l  o f k le p to p a ra s i t ic  b lack­
headed g u l l s  Larus rid ibundus led  to  red u c tio n s  in  th e  s iz e  o f flo ck s  
o f lapw ings V anellus v a n e l lu s , th e  p a r a s i t i s e d  s p e c ie s .  S im i l a r ly ,  
H arp er (1982) found t h a t  s u b o rd in a te  m a l la rd s  av o id ed  f lo c k s  
co n ta in in g  th e  most dom inant in d iv id u a ls , and as a r e s u l t  a f lo c k 's  
s i z e  was n e g a t iv e ly  c o r r e l a t e d  w ith  th e  num ber o f  d o m in an ts  i t  
co n ta in ed .
I t  i s  n o t c l e a r  why s u b o rd in a te  tu r n s to n e s  sh o u ld  have a 
tendency to  have la rg e r  home ranges than  more dom inant b ird s . I t  i s  
p o s s ib le  t h a t  a tendency to  avoid dom inants and a  p o te n t ia l ly  lower 
feed ing  r a te  m ight both  cause b ird s  to  roam more w idely  in  th e  search  
fo r  a l t e r n a t iv e  feed ing  a re as  (Murton e t  1971, Monaghan 1980, Ens 
& G oss-C ustard 1984). However, t h i s  can only  rem ain a  hy p o th esis  in  
th e  ab se n c e  o f  more d e t a i l e d  b e h a v io u ra l  s t u d i e s  o f fo ra g in g  
behav iou r.
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CHAPTER FIVE -  VIGILANCE 
Many a n im a ls  fa c e  th e  c o n t in u a l  r i s k  o f  b e in g  c a u g h t by a 
p r e d a to r .  One o f  th e  w ays in  w hich t h i s  t h r e a t  can  be red u ced  i s  by 
th e  p o te n t ia l  v ic tim  d e te c tin g  th e  approaching p re d a to r; th i s  a llo w s 
i t  to  im p lem en t d e fe n s iv e  s t r a t e g i e s  such  a s  a d o p tin g  a d e fe n s iv e  
p o s tu re , tak in g  f l i g h t ,  jo in in g  a group and so on (Edmunds 1974), I t  
i s  o f te n  th e  c a s e ,  h o w ev er, t h a t  a n im a ls  w hich  r e l y  on v i s u a l  
d e te c tio n  o f p re d a to rs  w i l l  be le s s  ab le  to  scan  fo r  p re d a to rs  when 
engaged in  a c t i v i t é s  such as feed ing , as  a head-down feeding  p o s tu re  
may re d u c e  th e  v i s u a l  f i e l d ,  and th e  v i s u a l  and n e u r a l  p ro c e s s in g  
re q u ired  in  handling  food item s may d e tr a c t  from th e  an im al’s a b i l i t y  
to  d e te c t  a d i s t a n t  b u t approaching p red a to r (Lendrem 1984a),
As a co n seq u en ce , many s p e c ie s  have ev o lv ed  fo rm s o f v i g i l a n t  
behaviour, where th e  an im al p e r io d ic a l ly  b reaks o f f  from a  con tinu ing  
a c t i v i t y  in  o rd e r  to  sca n  i t s  e n v iro n m e n t (Dimond & L azaru s  1974, 
Lendrem 1982). T his form  o f scanning i s  obv iously  incom patib le  w ith  
o th e r  b e h a v io u r s ,  and so  m akes them  l e s s  e f f i c i e n t  in  te rm s  o f  th e  
o v e ra l l  tim e re q u ired  fo r  t h e i r  perform ance. S ince t im e -e f f ic ie n c y  i s  
an im p o r ta n t  c o n s id e r a t io n  f o r  many a n im a ls ,  t h e r e  i s  s e l e c t i o n  
p re ssu re  fo r  the  o p tim a l a l lo c a t io n  o f tim e betw een a n ti-p re d a to ry  
v ig ila n c e  and o th e r a c t i v i t i e s  such as  feed ing .
In  t h i s  ch ap te r s e v e ra l  a sp e c ts  o f  v ig ila n c e  in  tu rn s to n e s  and 
p u rp le  san d p ip ers  a re  examined, w ith  sp e c ia l  re fe re n c e  to  how th e i r  
h a b i ta t  and flo ck in g  behaviour in flu en ce  th e  le v e l  o f  v ig ila n c e  they  
a d o p t. The c h a p te r  i s  d iv id e d  in to  fo u r  s e c t io n s ;  th e  f i r s t  d e a ls  
w ith  th e  e f f e c t  o f  h a b i t a t  ty p e ,  w h ile  th e  seco n d  lo o k s  a t  f lo c k  
d e n s ity  and com position  and how those  a f f e c t  v ig ila n c e . In  th e  th i r d  
s e c t io n  th e  t r a d e - o f f  th e  in d iv id u a l  m ust make b e tw een  tim e  s p e n t  
v i g i l a n t  and t im e  s p e n t  fo r a g in g  i s  in v e s t i g a t e d  by s tu d y in g  th e
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response to  an in c reased  food demand p r io r  to  m ig ra tio n , w hile  in  the 
f in a l  s e c tio n  th e  p a t te r n  o f scanning w ith in  a f lo c k  and th e  su b je c t 
o f co rp o ra te  v ig i la n c e  a re  examined.
5 ,1  The E f fe c t  o f  H a b ita t on th e  V ig ilan ce  o f  S h o reb ird s:
I s  V i s ib i l i t y  In p o r tan t?
Many an im als  l iv e  in  h a b i ta ts  which do n o t p e rm it a  c le a r  view 
o f  t h e i r  s u r ro u n d in g s . T h ere  w i l l  t h e r e f o r e  be a  r e d u c t io n  in  th e  
d i s t a n c e s  a t  w hich  p r e d a to r s  and p re y  can  d e t e c t  one a n o th e r  
v i s u a l l y .  T h is  can  be i n v e s t i g a t e d  i n d i r e c t l y  by m easu rin g  th e  
v ig i l a n c e  o f  th e  p re y  (w hich r e f l e c t s  i t s  a s s e s s m e n t o f  i t s  own 
v u ln e ra b il i ty )  in  r e la t io n  to  th e  v i s i b i l i t y  o f th e  h a b i ta t .  P revious 
s tu d i e s  o f  th e  e f f e c t s  o f g ro u p  s i z e ,  c o m p o s itio n  o r p o s i t i o n  in  a 
g roup  on v ig i l a n c e  have been  made in  open h a b i t a t s  such  a s  g r a s s  
f i e l d s  (e.g  L a z a ru s  1978, B e r tra m  1980, J e n n in g s  & Evans 1980). 
However Underwood (1982) showed t h a t  a n te lo p e s  in c re a s e d  t h e i r  
v ig i l a n c e  when in  h a b i t a t s  he c a te g o r i s e d  a s  c lo s e d  ( i .e .  w ith  
red u ced  v i s i b i l i t y ) .  In  c o n t r a s t  B arn a rd  (1980a) and C araco  e t  a l .  
(1980b) found th a t  b ird s  may in c re a se  th e i r  v ig ila n c e  w ith  in c reas in g  
d is ta n c e  from cover.
The e f f e c t  o f  h a b i t a t  c o m p le x ity  on v ig i l a n c e  was th e  f i r s t  
a s p e c t  o f  v ig i l a n c e  in  tu r n s to n e s  and p u r p le  s a n d p ip e rs  to  be 
in v e s t i g a t e d .  The c o a s t l i n e s  o f  th e  s tu d y  a r e a  a r e  com posed o f  
o u tc ro p s  o f  ro ck  and b o u ld e r  (among w hich  v i s i b i l i t y  may be v e ry  
r e s t r i c t e d ) ,  w h ich  a r e  i n t e r s p e r s e d  w ith  sand  o r m u d f la ts  (where 
th e r e  a r e  no o b s t r u c t io n s  to  v i s io n ) .  Thus among ro c k s  th e y  c a n n o t 
see approaching p re d a to rs  a s  e a s i ly  as  when on sand or mud, so may be 
expected to  in c re a se  v ig ila n c e .
The method by which v ig ila n c e  was a l te r e d  was a lso  in v e s tig a te d . 
B irds can scan more o f te n  o r in c re a se  th e  d u ra tio n  o f  each scan; the
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two p ro c e sses  a re  n o t m u tua lly  ex c lu s iv e  (McVean & Haddlesey 1980).
5 .1 .1  Methods
D a ta  w ere  c o l l e c t e d  from  3 rd  F e b ru a ry  to  1 4 th  A p r i l  1982 and 
from 7 th  September 1982 to  th e  end o f A p ril 1983. T h is  a n a ly s is  om its 
d a ta  c o l l e c t e d  a f t e r  2 7 th  A p r i l  in  each  s p r in g ,  a s  th e  need fo r  an 
in c reased  food in tak e  p r io r  to  s p r in g  m ig r a t io n  a f f e c t e d  l e v e l s  o f  
v ig i l a n c e  ( s e c t io n  5,3),
in  t h i s  a r e a .  A fe m a le  m e r l in  F a lc o  co lum bar iu s  was p r e s e n t  in  th e  
s tudy  a re a  on numerous occasio n s  in  both w in te rs , and p e reg rin e s  F^
c o lo u r  v id e o  cam era . C lo se  f lo c k s  w ere f i lm e d  (w ith  a ru n n in g
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The encounter r a te  w ith  p o te n t ia l  p re d a to rs  was r e la t iv e ly  high
Î
p e re g rin u s , k e s t r e l s  F^ tin n u n c u lu s , sparrowhawks A c c ip ite r  n isu s  and 
a  s h o r t-e a re d  owl Asio flammeus were a ls o  recorded . Species such as
th e s e  may have c o n s id e r a b le  im p a c ts  on th e  s u r v iv a l  r a t e s  o f 
w in te rin g  waders (Page & W hitacre 1975, Kus e t  a l .  1984, W h itfie ld  in  
prep). In  a d d itio n , numerous dogs were walked a long  the  beaches and
fre q u e n tly  chased th e  b ird s .
O b s e rv a tio n s  w ere made w ith  a  15-60X te l e s c o p e  on b i r d s  20 to  
80m from a  v e h ic le  (used a s  a hide) parked on th e  beach or promenade. 
My p resence  had no ap p aren t e f f e c t  on the  b ird s ' behaviour; they were 
accustomed to  h igh  le v e ls  o f  human a c t iv i ty .  The e f f ic ie n c y  o f d a ta  
c o l l e c t i o n  was im proved to w a rd s  th e  end o f  th e  s tu d y  by u s in g  a
com m entary) in  th e  f i e l d ,  and th e  f i l m s  l a t e r  p la y e d  back on 
an a ly sin g  equipm ent. T his allow ed  th e  m easuring o f  th e  same v ig ila n c e  
param ete rs  as  taken  d i r e c t ly  in  th e  f i e ld .  T w enty-six  tu rn s to n e  and 
112 p u rp le  sandpiper o b se rv a tio n s  were made from  v ideo  f i lm , o u t o f 
th e  t o t a l  sam ple s iz e s  o f 673 and 460 re s p e c tiv e ly ,
A f o c a l  b i r d  was s e l e c t e d  and w atched  fo r  e x a c t ly  one m in u te ;
p e rio d s  w ere measured w ith  th e  a id  o f an e le c t r o n ic  audio  tim er. The
number o f  s c a n s  d u r in g  t h a t  p e r io d  was re c o rd e d  (u s in g  a t a l l y  
co u n te r), as was th e  t o t a l  tim e  sp en t scanning (to  th e  n e a re s t h a l f -  
second, cu m u la tiv e ly  recorded w ith  a stopw atch). A scan was defined  
as a r a is in g  o f th e  head, from th e  head-down fo rag in g  p o s it io n  to  a t  
l e a s t  a  h o r iz o n ta l  p o s itio n .
At th e  end o f th e  one m inute o b se rv a tio n  p e rio d  the  v i s i b i l i t y  
e x p e r ie n c e d  by th e  f o c a l  b i r d  was a s s e s s e d  a s  fo l lo w s .  The t o t a l  
a n g le  o f  o b s t r u c te d  v i s io n  (o u t o f  360° maximum) c o n t r ib u te d  by 
o b je c t s  (e.g . b o u ld e r s ,  w rack  banks) w i th in  one m e tre  o f  th e  f o c a l  
b i r d  was a s s ig n e d  to  one o f  fo u r  c a t e g o r i e s ,  s c o r in g  one to  fo u r  in  
o rder o f in c re as in g  v i s i b i l i t y .  Thus in  Fig. 5.1 th e  rock on th e  l e f t  
o b s t r u c t s  a s e c to r  o f  A° o f  th e  b i r d s  a l l - r o u n d  v i s io n ,  and t h a t  on 
th e  r ig h t  o b s tru c ts  B°. Summing A + B produces a t o t a l  o f between 90 
and 180°, so  g iv in g  a s c o re  o f  3. T h is  s c o r in g  was c a r r i e d  o u t  a t  
th r e e  h e ig h ts  above th e  g round  (F ig . 5 .2 ). Thus a b i r d  t h a t  s c o re d  
one a t  5cm and fo u r  a t  10 and 15cm co u ld  see  v e ry  l i t t l e  w h ile  in  a 
fo rag ing  p o s i t io n , b u t experienced  u n re s tr ic te d  v is io n  upon ra is in g  
i t s  head (as w ould o ccu r fo r  a  b i r d  fe e d in g  in  a ro ck  p o o l w ith  i t s  
head under w a te r ) ,  w h ereas  b i r d s  s c o r in g  tw o o r l e s s  a t  a l l  th r e e  
h e ig h ts  had poor v i s i b i l i t y  r e g a r d le s s  o f  p o s tu r e  (as would be th e  
c ase  in  a h a b i t a t  o f  la r g e  b o u ld e r s ) .  The th r e e  s c o r e s  (one a t  each  
heigh t) were then  summed to  g iv e  an o v e ra ll  V i s i b i l i t y  Score, ranging 
from a th e o r e t ic a l  minimum o f th re e  (poor v i s i b i l i t y )  to  tw elve (good 
v i s i b i l i t y ) .  T his technique was te s te d  fo r accuracy  by comparing th e  
a c tu a l V i s ib i l i t y  Score o f a  lo c a tio n  w ith  th e  sco re  e s tim a ted  from 
th e  o b serv a tio n  v e h ic le . T his was done fo r a v a r ie ty  o f h a b i ta ts  and 
d i s ta n c e s  from  th e  v e h ic l e .  The d i f f e r e n c e s  b e tw een  e s t im a te d  and 
a c tu a l  s c o r e s  w ere n e g l i g i b l e  (mean d i f f e r e n c e  = 0.08 + 0.04 S .E ., 
n=40).
The d e n s ity  o f surrounding  b ird s  a f f e c t s  th e  v ig ila n c e  o f both
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Fig.5.1. The method used to  reco rd  th e  v i s i b i l i t y  sco re  o f the  fo c a l 
b ird . The two rocks o b s tru c t a  summed angle  (A + B) o f between 90 and 
180°, thus the  v i s i b i l i t y  sco re  i s  3.
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Fig .5.2. The th re e  h e ig h ts  above ground le v e l  a t  which th e  v i s i b i l i t y  
score  o f th e  fo c a l b ird  was recorded , in  r e la t io n  to  th e  approxim ate 
s i z e  o f  a tu r n s to n e  o r p u rp le  s a n d p ip e r .  The ro ck  on th e  l e f t  
c o n t r ib u te s  to  th e  s c o r e s  a t  5 and 10cm, w h ile  t h a t  on th e  r i g h t  i s  
on ly  included in  th e  5cm sco re .
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tu r n s to n e  and p u rp le  s a n d p ip e r ,  a s  in d iv id u a l s  in  e f f e c t  's h a r e '  
v ig i l a n c e  w ith  o th e r  n e a r  n e ig h b o u rs  th e y  can  se e  ( s e c t io n  5 .2 .2 ). 
Both sp ec ie s  sh are  v ig i la n c e  w ith  in d iv id u a ls  o f c e r ta in  o th e r wader 
s p e c i e s  a s  w e l l  a s  c o n s p e c i f i c s ?  f o r  t u r n s t o n e  t h e s e  o t h e r  
' s i g n i f i c a n t  s p e c i e s '  a r e  p u r p l e  s a n d p i p e r s ,  r e d s h a n k s  and  
o y s t e r c a t c h e r s ,  w h ile  p u r p le  s a n d p ip e rs  s h a re  v ig i la n c e  w ith  
tu r n s to n e  a s  w e l l  a s  c o n s p e c i f i c s  ( s e c t io n  5 .2 ,2 ). As t h i s  d e n s i ty  
e f f e c t  i s  m ost marked a t  low d e n s i t ie s ,  i t  could be c o n tro lle d  fo r  by 
o n ly  u s in g  in  t h i s  a n a l y s i s  o b s e r v a t io n s  in  which d e n s ity  exceeded 
fiv e  b ird s  w ith in  10m and in  s ig h t  o f the  fo c a l b ird , as v a r ia t io n  in  
d e n s i ty  above t h i s  l e v e l  had a  n e g l ig ib l e  e f f e c t  on in d iv id u a l  
v ig i l a n c e  (F ig . 5 .7 ).
The m easu rem en t o f  v i s i b i l i t y  and d e n s ity  req u ired  th a t  th ese  
fa c to rs  d id  n o t change a p p re c ia b ly  during  th e  course  o f  th e  m inute o f 
ob serv a tio n . T herefo re  on ly  r e l a t iv e ly  s t a t i c  b ird s  were chosen, and 
re c o rd s  w ere  a b o r te d  i f  th e  f o c a l  b i r d  e x p e r ie n c e d  a  n o t ic e a b le  
change o f d e n s ity  o r v i s i b i l i t y  during  th a t  m inute; reco rd s  were a lso  
d is c o u n te d  i f  th e  b i r d 's  b e h a v io u r  was a f f e c t e d  by a r e c o g n is a b le  
d is tu rb a n c e ,
In  th e  a n a ly se s , r e la t io n s h ip s  th a t  s a t i s f i e d  th e  co n d itio n s  fo r  
th e  use o f p a ra m e tr ic  s t a t i s t i c s  were analysed  acco rd in g ly ; o th e rw ise  
n o n -p a ra m e tr ic  t e s t s  w ere  u sed . Four v ig i l a n c e  p a ra m e te r s  w ere 
se le c te d  fo r  a n a ly s is :
(1) V ig i la n c e  T im e, d e f in e d  a s  th e  t o t a l  t im e  ( in  seconds) s p e n t  
v ig i la n t  p e r m inute.
(2) Scanning R ate , expressed  as  th e  number o f scans per m inute.
(3) Scan D u ra t io n ,  g iv e n  by V ig i la n c e  ^ ^ “ V g c a n n in g  R a te ' 
th e re fo re  th e  mean scan d u ra tio n  fo r th a t  p e rio d  o f  o b servation .
(4) In te rS can  I n te r v a l ,  d e fin ed  a s  th e  mean tim e in te r v a l  between th e
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InterScan Interval decreases markedly with decreasing visibility in
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end o f one scan and th e  beginning  o f the  nex t, and g iven  by
(60 -  V ig ilance  Rate) // Scanning Rate
5 .1 .2  R esu lts
The r e la t io n s h ip  betw een V ig ilance  Time and v i s i b i l i t y  i s  very  
s im ila r  in  the  two sp e c ie s , w ith  an approxim ately  l in e a r  in c re a se  in  
V ig ila n c e  Tim e w ith  d e c r e a s in g  V i s i b i l i t y  S co re  (F ig . 5 .3 ). (S m all 
sam ple  s i z e s  a t  low V i s i b i l i t y  S co re s  a re  p a r t l y  due to  th e
in frequency w ith  which b ird s  were found in  low v i s i b i l i t y  s i tu a t io n s ,
'and p a r t l y  due to  th e  d i f f i c u l t i e s  in  o b s e rv in g  su ch  b i r d s  once 
lo ca ted ). The v a r ia t io n  in  Scanning Rate w ith  changing v i s i b i l i t y  i s  
shown in  F ig . 5.4. T h ere  i s  c l e a r l y  an in c r e a s e  in  th e  r a t e  a t  w hich  
pu rp le  san d p ip ers  scan as th e i r  v is io n  becomes more o b s tru c ted , b u t 
t h i s  t r e n d  i s  n o t  found in  tu r n s to n e s .  R a th e r , th e r e  i s  an in c r e a s e  
in  Scan D u ra tio n  (F ig . 5 .5 ) , f a r  more m arked th a n  t h a t  in  p u rp le  
sandp ipers . T h erefo re , tu rn s to n e s  in c rease  th e i r  v ig ila n c e  by making
each scan lo n g e r, w h ile  p u rp le  sandpipers achieve th e  same le v e l of 
v ig i l a n c e  m a in ly  by s c a n n in g  more o f te n .  In  co n seq u en ce , th e
p u rp le  san d p ip ers  (Fig. 5,6), b u t n o t s ig n if ic a n t ly  so in  tu rn s to n e s , 
a lth o u g h  th e r e  i s  a te n d e n c y  f o r  reduced  i n t e r v a l s  a t  th e  lo w e s t  
recorded v i s i b i l i t i e s .
5 .1 .3  D iscussion
3
Anim als may a d ju s t  t h e i r  v ig ila n c e  according to  how conspicuous 
they  appear to  p re d a to rs . The b r ig h tly -c o lo u re d  male m alla rd  i s  more 
v ig i la n t  than  th e  cam ouflaged fem ale , except when in  e c l ip s e  plumage, 
when th e  two sexes a re  th e  same d u l l  co lour and a re  e q u a lly  v ig i la n t  
(Lendrem 1983). The cam o u flag ed  ap p ea ran ce  o f  th e  tw o w ad ers  (th e  
tu rn s to n e  being  a m ix tu re  o f  brown, w h ite , g rey  and b lack , w h ile  th e  
p u rp le  sandp iper i s  a  dark  grey) makes them fa r  more conspicuous in
_
F ig ,5 .3. The r e l a t i o n s h i p  b e tw een  v ig i l a n c e  t im e  and v i s i b i l i t y  
s c o re . D ata r e p r e s e n te d  a s  means + 2 S.E. w ith  sam ple  s i z e s  shown. 
T u rn sto n e  ( s t a r s  and b ro k en  l i n e ) :  r  = -0 .4 5 8  (n=317), PO .O O l; y = 
2 1 . 1  -  1 . 4 2 X .
Purple sandpiper (so lid  c i r c l e s  and s o l id  l in e ) :  r  = -0.506 (n=220), 
P<0.001; y = 17.9 -  1.20x.
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Fig .5.4. The r e la t io n s h ip  between scanning r a te  and v i s i b i l i t y  sco re . 
D ata p re s e n te d  a s  in  F ig .5.3. T u rn s to n e  ( s t a r s ) ;  r^  = 0.111 (n=317), 
NS. P u rp le  s a n d p ip e r  ( s o l id  c i r c l e s  and r e g r e s s io n  l i n e ) :  r  = 0.391 
(n=220), P<0.001; y = 29.1 -  1 .49x.
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Fig .5.5, The r e la t io n s h ip  betw een scan d u ra tio n  and v i s i b i l i t y  sco re . 
D ata p re s e n te d  a s  m eans + S.E. T u rn s to n e  ( s t a r s ) :  r^  = -0 .2 7 8  
(n=317), P<0.001. P u rp le  s a n d p ip e r  ( s o l id  c i r c l e s ) :  r^  = -0 .3 1 2  
(n=220), P<0.001.
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F ig .5,6, The r e l a t i o n s h i p  b e tw een  In te rS ca n  in te r v a l  and v i s i b i l i t y  
s c o re . D ata p r e s e n te d  a s  in  F ig .5.3, T u rn s to n e  ( s t a r s ) ;  r^  = 0,101 
(n -3 1 7 ), P = 0,072. P u rp le  s a n d p ip e r  ( s o l id  c i r c l e s  and r e g r e s s io n  
l i n e ) :  r  = 0,319 (n=220), P<0,001; y = 0.76x -  3,03,
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open h a b i t a t s  such  a s  san d y  b e ac h e s  th a n  am ongst ro c k p o o ls  o r 
b o u ld e r s .  H ow ever, t h i s  s tu d y  h a s  shown t h a t  in d iv id u a ls  o f  b o th
s p e c ie s  c l e a r l y  in c r e a s e  t h e i r  l e v e l  o f  a n ti-p re d a to r  v ig ila n c e  as
.th e  s t r u c t u r a l  c o m p le x ity  o f  t h e i r  s u r ro u n d in g s  in c r e a s e s ,  even  
though th e i r  conspicuousness d ecrea se s . The e x te n t o f the  in c rease  in  
v ig ila n c e  i s  c o n s id e rab le ; in  good v i s i b i l i t y  a re a s  b ird s  spend le s s  
th a n  one te n th  o f  t h e i r  t o t a l  t im e  v i g i l a n t ,  w h ile  in  a re a s  o f  poor 
v i s i b i l i t y  th e  p r o p o r t io n  may be o v er a q u a r t e r .  In  th e  l a t t e r  c a se  
much p o t e n t i a l  fo r a g in g  tim e  i s  t h e r e f o r e  l o s t .  I f  th e  tim e  s p e n t  
v i g i l a n t  r e f l e c t s  th e  b i r d 's  a s s e s s m e n t o f  how v u ln e ra b le  i t  i s  
(assum ing t h a t  th e  t im e  r e q u i r e d  f o r  a c tu a l  fo r a g in g  i s  c o n s ta n t ) ,  
then  b ird s  'f e e l  more a t  r i s k ' a s  h a b i ta t  com plex ity  in c reases.
The p re s e n c e  o f  o b j e c t s  su ch  a s  ro c k s , b o u ld e rs  o r banks o f  
seaweed a d ja c e n t to  a  fo rag in g  b ird  w i l l  cause com plete s e c to rs  o f 
i t s  panoram ic v is io n  to  be blocked. T his w i l l  p rev en t i t  from seeing
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e i t h e r  n e ig h b o u r in g  b i r d s  o r p r e d a to r s  b eh in d  th o se  o b je c t s .  
T u rn s to n e s  and p u r p le  s a n d p ip e r s  do n o t  s h a re  v ig i la n c e  w ith
n e ig h b o u rs  th e y  c a n n o t s e e  ( s e c t io n  5 .2 .2 ), and so  a d e c re a s e  in  
v i s i b i l i t y  may produce an in c re a se  in  in d iv id u a l v ig ila n c e  due to  a 
d e c re a s e  in  th e  number o f  n e ig h b o u rs  any one b i r d  can  see . H ow ever, 
th e  e f f e c t  d e s c r ib e d  h e re  i s  in d e p e n d e n t o f  n e ig h b o u r d e n s i ty ,  a s
t h i s  w as c o n t r o l l e d  f o r  by o n ly  i n c l u d i n g  in  th e  a n a l y s i s  
o b s e r v a t io n s  w here th e  d e n s i t y  o f  n e ig h b o u rs  v i s i b l e  to  th e  f o c a l  
b ird  exceeded th e  le v e l  above which d e n s ity  has a n e g lig ib le  e f f e c t  
on v ig ila n c e .
T herefore  i t  i s  th e  reduced a b i l i t y  to  d e te c t  th e  p red a to r th a t  
causes th i s  in c re a se  in  v ig ila n c e . The m ajor p o te n t ia l  p re d a to rs  o f 
th e  b i r d s  ap p ro ach  p re y  by f a s t  d a sh e s  e i t h e r  a t  o r  c lo s e  to  ground  
le v e l (dogs and fa lco n s  re sp e c tiv e ly )  (Rudebeck 1951, Page & W hitacre
I
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1975, B lic k  1980, p e r s .o b s . ) ,  r e ly in g  l a r g e ly  on c a tc h in g  th e  b i r d s  
by s u rp r is e .  T herefo re  even a lo w -ly in g  o b je c t o b s tru c tin g  a shallow  
angle above ground le v e l  would s e r io u s ly  reduce th e  e f f ic ie n c y  o f a 
scan .
The o b je c ts  th a t  o b s tru c t  v is io n  may h e lp  to  h ide  the  b ird s  from 
p r e d a to r s ,  b u t  do n o t  ham per an a t t a c k  once th e  p re y  h a s  been
sp o tted . T his may e x p la in  a  d if fe re n c e  between th i s  s tudy  and those  
o f Barnard (1980) on house sparrow s P asser dom esticus and Caraco e t  
a l .  (1980) on y e llo w -e y e d  ju n c o s  Junco  p h a e o n o tu s , w here b o th  
increased  th e i r  v ig ila n c e  w ith  in c re a s in g  d is ta n c e  from hedgerows o r 
bushes (i.e . a s  v i s i b i l i t y  in c re ase d ). In  th e se  case s  the  v e g e ta tio n  
formed a re fuge  in to  which th e  p a sse r in e s  r e t r e a te d  i f  alarm ed, and 
so v u ln e r a b i l i ty  in c reased  w ith  in c reas in g  d is ta n c e  from th i s  cover. 
In  c o n t r a s t ,  w ad ers  have no r e f u g e ,  and so  ta k e  f l i g h t  and form  
h ig h ly  m anoeuvrable f lo c k s  when a tta ck ed . I t  th e re fo re  becomes more 
im p o r ta n t  to  d e t e c t  p r e d a to r s  e a r l y ,  and so  have an u n r e s t r i c t e d  
view. The same i s  tru e  o f a n te lo p e s , as th ese  a lso  avoid  p re d a tio n  by 
outpacing or outm anoeuvring th e i r  a tta c k e rs . Underwood (1982) showed 
t h a t  th e y  to o  in c re a s e d  t h e i r  v ig i l a n c e  when in  poor v i s i b i l i t y  
h a b i ta ts .  Curlews have been observed to  form flo c k s  when feed ing  in  
f i e l d s  s u r r o u n d e d  by h e d g e s ,  w h i l e  m a i n t a i n i n g  a d i s p e r s e d
d is t r ib u t io n  on open m u d fla ts  (Abramson 1979); t h i s ,  to o , i s  probably
a re sp o n se  to  an in c r e a s e d  p r e d a t io n  r i s k ,  s in c e  th e  hedges w ould 
conceal th e  approach o f  most p re d a to rs .
T urnstones and p u rp le  san d p ip ers  face th e  same problem o f having 
to  i n c r e a s e  t h e i r  v i g i l a n c e  i n  a r e a s  w h e re  t h e i r  v i s i o n  i s  
o b s t r u c te d ,  b u t  s o lv e  i t  in  d i f f e r e n t  w ays, T u rn s to n e s  scan  a t  th e  
same r a t e  b u t  in c r e a s e  th e  le n g th  o f  each  s c a n , w h ile  p u rp le  
sandp ipers in c rease  v ig ila n c e  m ain ly  by scanning more o ften . Of th e  
two s o l u t i o n s ,  in c r e a s in g  th e  S cann ing  R ate  h a s  m ost e f f e c t  on
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dec reasing  t±ie In te rS can  I n te r v a l ,  which i s  the  p e rio d  when th e  b ird  
i s  most a t  r i s k  a s  th e  p r o b a b i l i ty  o f p red a to r d e te c tio n  i s  low est. 
Shortening t h i s  p e rio d  reduces th e  p ro b a b il i ty  th a t  th e  p red a to r w i l l  
be ab le  to  move from a hidden to  an a tta c k in g  p o s it io n  undetec ted , a s  
t h i s  movement i s  m ore l i k e l y  to  be in t e r r u p te d  by th e  b i r d  r a i s i n g  
i t s  head to  scan (Pulliam  1973, Lendrem 1982, 1984b). In  c o n tra s t ,  a 
s m a ll  in c r e a s e  in  th e  le n g th  o f  each  scan  h as  l i t t l e  e f f e c t  in  
re d u c in g  th e  t im e  b e tw een  s c a n s ,  a s  Scan D u ra tio n  i s  s t i l l  s h o r t  
compared to  In te rS can  I n te r v a l  (c .f. F igs. 5 and 6), T herefore , fo r  a  
g iv e n  in c r e a s e  in  th e  t im e  in v e s te d  in  v ig i l a n c e ,  th e  s t r a t e g y  o f  
in c r e a s in g  S can n in g  R ate  i s  m ore e f f e c t i v e  in  re d u c in g  th e  r i s k  o f  
b e in g  c a u g h t u n aw ares  by a  p r e d a to r .  However, t h i s  assum es t h a t  
b r i e f  sca n s  a r e  a s  e f f e c t i v e  in  a s s i m i l a t i n g  in fo r m a t io n  in  poor 
v i s i b i l i t y  a s  in  good v i s i b i l i t y ;  p e rh a p s  t h i s  may be th e  c a se  fo r  
pu rp le  sandp ipers  b u t n o t fo r  tu rn s to n e s .
A lte rn a tiv e ly , th e  d i f f e r e n c e  b e tw een  th e  s p e c ie s  may r e f l e c t  
d i f f e r e n c e s  in  f e e d in g  b e h a v io u r . S h o r t  i n t e r v a l s  be tw een  sc a n s  
produce freq u e n t in te ru p tio n s  to  fo rag in g , which could be c o s t ly  in  
term s o f e f f ic ie n c y  when food item s re q u ire  long handling  tim es and 
s u b t le  m a n ip u la t io n s .  T h e re fo re  d i f f e r e n c e s  in  d i e t  or m ethod o f  
t a c k l in g  p re y  i te m s  c o u ld  e x p la in  th e  d i f f e r e n t  s t r a te g ie s  fo r th e  
a l l o c a t i o n  o f  t im e  to  v i g i l a n c e  and fo r a g in g . T u rn s to n e s  have 
s t ro n g e r  b i l l s  and a r e  a b le  to  b re a k  open th e  s h e l l s  o f b a r n a c le s ,  
c rab s  and m ussels (Groves 1978, H a rr is  1979), p ro cesses  which re q u ire  
co o rd in a tio n  and tim in g . F requen t scanning may th e re fo re  reduce th e  
f o r a g in g  e f f i c i e n c y  o f  t u r n s t o n e s  m ore  th a n  t h a t  o f  p u r p l e  
s a n d p ip e r s ,  w hich  te n d  to  s p e c i a l i z e  on p re y  (such a s  p e r iw in k le s )  
fo r  w hich m a n ip u la t io n  t im e s  a r e  s h o r te r  (C hap ter 4, T ab le  4 .8 ). 
Turnstones d id  indeed have s ig n i f ic a n t ly  s h o r te r  handling  tim es than
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b ird s ; Who Do They T rust?
's h a r e '  v ig i l a n c e  (P u llia m  1973, Dimond & L aza ru s  1974, T re ism an  
1975a,b); they  may a lso  low er t h e i r  own p ro b a b i l i ty  o f  being p reda ted  
sim p ly  by a s s o c ia tin g  w ith  o th e r  e q u a l ly - a t t r a c t iv e  p rey  item s (the 
" s e l f i s h  herd" hy p o th esis  o f  H am ilton 1971, Vine 1971).
Many a n im a ls  fe e d  in  m ix e d -s p e c ie s  g ro u p s , and th e r e  i s  no 
t h e o r e t i c a l  re a s o n  why v i g i l a n c e  b e n e f i t s  sh o u ld  be r e s t r i c t e d  to
i
p u rp le  s a n d p ip e r s  in  ro ck  and b o u ld e r  h a b i t a t s ,  w hich  te n d  to  be 
those in  which v i s i b i l i t y  i s  reduced (rock; t-2 .2 7 , P<0.05; boulder; 
t= 6 .2 3 , P<0.001; d a ta  from  T ab le  4 .8 , w ith  th e  a d d i t io n  o f th e  mean 
m an ipu la tion  tim e fo r  p u rp le  san d p ip ers  in  bou lders  (0.90jl).12 se c s ., 
n=52 o b s e r v a t io n s ) ) . In  open h a b i t a t s  o f  u n r e s t r i c t e d  v i s i b i l i t y  
tu r n s to n e s  behave s i m i l a r l y  to  p u rp le  s a n d p ip e r s  in  re d u c in g  th e  
in te rv a l  between scans as  a response to  decreasing  neighbour d e n s ity  
( s e c t io n  5 .2 .2 ). How ever, fo o d  ty p e s  such  a s  b a r n a c le s ,  c ra b s  and 
m ussels t h a t  re q u ire  longer hand ling  tim es tend  to  be found on ly  in I
a reas  (e.g rock pools) where v i s i b i l i t y  i s  reduced, so th i s  does n o t 
c o n f l ic t  w ith  th e  su g g estio n  th a t  p rey  handling tim e in flu en ces  th e  
method used to  a l t e r  v ig i la n c e  r a te s .
5 .2  The E f fe c ts  o f  M ixed-Species F locking on th e  V ig ilan ce  o f Shore- i
■ÎI n d i v i d u a l s  i n c u r  a  c o s t  w hen s c a n n in g  f o r  a p p ro a ch in g  
p r e d a to r s ,  s in c e  t h i s  i s  u s u a l l y  m u tu a lly  e x c lu s iv e  w ith  o th e r  
im p o r ta n t  a c t i v i t i e s  such  a s  fo r a g in g . V a rio u s  s t u d i e s  have shown
'th a t  investm en t o f  tim e in  v ig i la n c e  may be reduced by a s so c ia tin g
w ith  c o n s p e c i f ic s  (e .g . P o w e ll 1974, L azaru s  1978, Abramson 1979, 
Hoogland 1979, Caraco 1979b). The th e o r e t ic a l  ex p lan a tio n s  o f  such a 
r e d u c t io n  a r e  tw o - f o ld .  I n d iv i d u a l s  may b e n e f i t  from th e  p re d a to r -  
d e te c t in g  c a p a b i l i t i e s  o f  f e l lo w  g ro up-m em bers, and so  in  e f f e c t
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a s s o c i a t i o n s  w ith  c o n s p e c i f i c s .  However b e n e f i t s  from  sh a re d
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v ig ila n c e  re q u ire  in fo rm atio n  t r a n s fe r  between p a r t ic ip a n ts  (even i f  
u n in t e n t io n a l ) .  T h is  may be l i m i t e d  in  ta x o n o m ic a lly  u n r e la te d  
s p e c ie s  d y a d s , u n le s s  t h e r e  h a s  been  c o e v o lu t io n  in  s i g n a l l i n g ,  a s  
m ight occur in  sy m p atric  sp e c ie s  or those fac in g  s im ila r  s e le c t io n  
p re ssu re s  (M arier 1957, Moynihan 1981, Barnard 1982, H a lliday  1983). 
A lso  v ig i l a n c e  sh o u ld  o n ly  be sh a re d  w ith  n e ig h b o u rs  t h a t  a re  
v ig i la n t  fo r  th e  same p re d a to rs , w h ile  the b e n e f i t  o f d i lu t io n  o f the  
p re d a to r 's  im pact by grouping re q u ire s  th a t  a l l  members o f th e  group 
a re  p o te n t ia l  p rey  o f th a t  p re d a to r . Thus th e re  may be c o n s tra in ts  on 
the  e x te n t to  which v ig ila n c e  i s  shared  between sp e c ie s , according to  
how c l o s e l y  r e l a t e d  th e y  a r e ,  and how c l o s e l y  m a tc h e d  in  
d is t r ib u t io n ,  s iz e  and v u ln e ra b i l i ty .
A f u r t h e r  c o m p lic a t io n  i s  t h a t  in  h a b i t a t s  o f  h ig h  s t r u c t u r a l  
com plexity  c lo se  neighbours may n o t be ab le  to  see  each o th e r. These 
b i r d s  m ig h t be p r e d ic t e d  n o t  to  s h a re  v ig i l a n c e  w ith  each  o th e r  a s
(a) th e y  c a n n o t d e t e c t  n e ig h b o u rs  who 'c h e a t '  by n o t s c a n n in g  
(P u llia m  e t  a l  1982), and (b) th e y  may be u n a b le  to  t e l l  how many 
'hidden ne ighbours ' a r e  p r e s e n t .
I n t e r s p e c i f i c  s h a r in g  o f  v ig i l a n c e  and th e  e f f e c t  o f  h id d e n  
n e ig h b o u rs  have  n o t  been  exam in ed  in  d e t a i l  by e a r l i e r  w o rk e rs . I  
t h e r e f o r e  s t u d i e d  t h e s e  a s p e c t s  in  th e  tu r n s to n e  and p u rp le  
sandpiper, which o u ts id e  th e  b reed ing  season o f te n  flo ck  w ith  each 
o th e r  and w ith  o th e r  w a d e rs , w h ile  lo o s e r  a s s o c i a t i o n s  a re  form ed 
w ith  b i r d s  su ch  a s  g u l l s ,  c o r v id s ,  s t a r l i n g s  and f e r a l  p ig e o n s  
(C hapter 1 ). Thus a  ran g e  o f  b i r d s  may be found in  th e  v i c i n i t y  o f  
in d iv id u a ls  o f  b o th  s tu d y  s p e c i e s ,  ra n g in g  from  c o n s p e c i f ic s  to  
s p e c ie s  o f  u n r e la te d  o r d e r s .  The m ethod by w hich  b i r d s  a l t e r e d  
v ig ila n c e  in  response to  changes in  d e n s ity  was in v e s tig a te d . O v era ll 
l e v e l s  o f  v ig i l a n c e  can  be in c re a s e d  in  tw o w ays, w hich a r e  n o t
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m utually  ex c lu s iv e : in c re as in g  th e  number o f v ig i l a n t  scans per u n it  
t im e , o r  in c r e a s in g  th e  d u r a t io n  o f  each  sca n  (McVean & H add lesey  
1980).
T his s e c tio n  i s  th e re fo re  concerned w ith  th re e  q u estio n s:
(1) W ith which sp ec ie s  do in d iv id u a l tu rn s to n es  and p u rp le  sandpipers 
share  v ig ila n c e  (i.e . which sp e c ie s  can be tru s te d )?
(2) I s  v ig ila n c e  shared  w ith  b ird s  o u t o f s ig h t?
(3) What methods do b ird s  use to  a l t e r  v ig ila n c e  le v e ls ?
5 .2 .1  Methods
The same d a ta  s e t  was u sed  a s  in  s e c t io n  5 ,1 ; th e  m ethods o f  
d a ta  c o l le c t io n  have th u s  a lre a d y  been d esc rib ed , and only  a d d itio n a l 
d e ta i l s  on th e  measurement o f  d e n s ity  a re  g iven  here .
At th e  end o f  th e  one m inute o b serv a tio n  th e  lo c a l  b ird  d e n s ity  
experienced  by th e  fo c a l b ird  was recorded. D ensity  around the  fo c a l 
b i r d ,  r a t h e r  th a n  f lo c k  s i z e  (as  u sed  fo r  exam ple  by P o w e ll (1974), 
L aza ru s  (1978) and C araco  (1 9 7 9 a)), was c o n s id e re d  m ore l i k e l y  to  
in f lu e n c e  l e v e l s  o f  v ig i l a n c e  f o r  tw o re a so n s . F i r s t l y  b i r d s  o f te n  
d id  n o t form d is c r e te  f lo c k s , b u t were (unevenly) sp read  over a la rg e  
a r e a ,  th u s  p ro d u c in g  d i f f i c u l t i e s  in  d e f in in g  f lo c k  s i z e .  T h is  was 
p a r t l y  due to  th e  p re s e n c e  o f  s p e c ie s  (such a s  o y s te r  c a tc h e r )  t h a t  
m a in ta in  a  o v e r - d is p e r s e d  f o r a g in g  d i s t r i b u t i o n  (V ines 1980). 
Secondly, when flo ck  d e n s ity  i s  uneven, in d iv id u a ls  a re  perhaps more 
l i k e l y  to  a d j u s t  t h e i r  v i g i l a n c e  a c c o rd in g  o n ly  to  th e  number o f  
im m ediate neighbours they  have (fo llow ing  from bo th  H am ilton 's domain 
o f  d an g er h y p o th e s is  and th e  d i f f i c u l t i e s  in d iv id u a l s  may have in  
m o n ito r in g  th e  num bers and b e h a v io u r  o f  m ore d i s t a n t  b i r d s ) .  T h is  
co u ld  e x p la in  th e  "edge e f f e c t "  (Je n n in g s  & Evans 1980, B lic k  1980, 
In g l i s  & Lazarus 1981, Robinson 1981), where p e r ip h e ra l  in d iv id u a ls  
o f a  group may be more v ig i l a n t  th an  those  a t  th e  c e n tre .
125
Bird densities were measured in two ways - the numbers of each 
species of bird within ten metres of the focal bird {-overall
3
4
d e n s i t y ) , and th e  num bers o f  e ach  s p e c ie s  w i th in  te n  m e tre s  w hich 
w ere ju d g ed  to  be v i s i b l e  to  th e  f o c a l  b i r d  ( ta k in g  in to  a c c o u n t 
ro c k s  and o th e r  o b je c t s  t h a t  p re v e n te d  n e ig h b o u rs  from  se e in g  one 
another) (= v is ib le  d e n s ity ) . T herefo re  th e  two d e n s i t ie s  were equal 
in  h a b i t a t s  w i th  no o b s t r u c t i o n s  to  v i s io n ,  b u t  a s  th e  h a b i t a t
(1) V ig i la n c e  T im e, (2) S can n in g  R a te , (3) Scan D u ra tio n  and (4)
s t r u c tu r a l  com plex ity  in c re a s e d  v i s i b l e  d e n s i ty  becam e lo w er th a n  
o v e ra l l  d e n s ity . Both d e n s ity  m easures excluded th e  fo c a l b ird , so as 
to  a llow  d i r e c t  com parisons betw een th e  d e n s i t ie s  o f  c o n sp e c if ic s  and 
o f  o th e r  s p e c ie s ,  in  t h e i r  e f f e c t  on v ig i l a n c e .  B i r d - l e n g th s  w ere 
used as a m easuring u n i t ,  and th e  r e la t iv e ly  c lo se  p ro x im ity  o f th e  
o b serv a tio n  v e h ic le  to  th e  b ird s  and i t s  h e ig h t advantage aided th e  
judgem ent o f d is ta n c e s .
Four v ig ila n c e  param ete rs  were s e le c te d  fo r a n a ly s is , as de fin ed  
in  s e c t io n  5 .1 .1 ;
InterScan Interval
5 .2 .2  Results
I(a) I s  V ig ilan ce  Shared With B ird s  Out o f  S ig h t?A co m p ariso n  was made b e tw ee n  e f f e c t s  o f  O v e ra l l  D e n s ity  and 
v is ib le  d e n s ity  on v ig i l a n c e ,  by ru n n in g  tw o p a r a l l e l  s te p - w is e  
m u ltip le  re g re s s io n s  o f V ig ilan ce  Time on th e  d e n s i t ie s  o f d i f f e r e n t  
s p e c ie s ,  u s in g  O v e ra l l  D e n s i t i e s  in  one r e g r e s s io n  and V is ib le  
D e n s itie s  in  th e  o th e r. The re la t io n s h ip s  between V ig ilan ce  Times and 
d e n s ity  could  be made l in e a r  by tak in g  th e  n a tu ra l  lo g a rith m s o f a l l  
v a r i a b l e s  (ad d in g  one to  a l l  d e n s i t i e s  so  a s  to  a v o id  ta k in g  th e  
lo g a r i th m  o f  z e ro ) . The sa m p le s  f o r  b o th  s p e c ie s  c o n s i s te d  o f  a l l  
o b s e r v a t io n s  o b ta in e d  b e tw een  8 th  A p r i l  1982 and 2 6 th  A p r i l  1983
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w here v i s i b l e  d e n s i ty  d i f f e r e d  from  o v e ra l l  d e n s ity .  The e f f e c t  o f 
v i s i b i l i t y  was c o n tro lle d  fo r  by e n te r in g  th e  v i s i b i l i t y  score  as a 
v a r ia b le  on th e  f i r s t  s te p  o f th e  re g re ss io n  procedure. A ll sp ec ie s  
w hich  o c c u r re d  in  more th a n  one p e r c e n t  o f  o b s e r v a t io n s  and w ere 
re c o rd e d  a t  a t  l e a s t  th r e e  d i f f e r e n t  d e n s i t i e s  w ere  e n te re d  a s  
sep a ra te  v a r ia b le s  (except th a t  a l l  sp ec ie s  o f g u l l  were combined to  
produce a s in g le  d e n s ity  fo r  g u l ls ;  th ese  were predom inantly  h e rrin g  
g u lls ) .  The r e s u l t s  o f th e  p a r a l l e l  re g re ss io n s  were compared fo r th e  
amount o f v a rian ce  in  V ig ilan ce  Times exp lained  by th e  two measures 
o f  d e n s i ty .  T ab le  I  shows t h a t  f o r  b o th  s p e c ie s  i t  i s  e v id e n t  t h a t  
th e  v a rian ce  exp la ined  by V is ib le  D en sitie s  i s  g re a te r  than  th a t  by 
O verall D e n s itie s , in d ic a tin g  th a t  in d iv id u a ls  a d ju s t  th e i r  r a te  o f 
v ig i l a n c e  more a c c o rd in g  to  th e  number o f  n e ig h b o u rs  th e y  can see  
than  th e  number th a t  a re  a c tu a l ly  p re sen t. F u rth e r an a ly ses  in  th i s  
c h a p te r  t h e r e f o r e  u se  V is ib le  r a th e r  th a n  O v e ra l l  a s  a m easure  o f  
b ird  d e n s i ty .
Table 5.1. Comparison o f  th e  Im portance o f  O v era ll Neighbour D ensity  
and V i s ib l e  N eighbour D e n s ity  in  D e te rm in in g  V ig i la n c e  Time in  
T u rn s to n e  and P u rp le  S a n d p ip e r ,  A f te r  Rem oval o f  th e  E f f e c t s  o f  
V i s ib i l i t y .
_-1   - - —      ■ ■ I -   -■■■II. ,1 1.1 I 1.1 Ti   — .   ■ - - - ........  ■ ■■ - - ■-    I 1.1 11,1. rSample Amount o f  V ariance in  V ig ilan ce  Explained* by 
Species s iz e  O v era ll D ensity  V is ib le  D ensity
        _Turnstone 240 13.74% 15.31%
Purple Sandpiper 319 10.97% 14.52%
*G iv en  by sum o f  v a l u e s  f o r  a l l  s p e c i e s  w h o se  d e n s i t i e s  
s ig n i f ic a n t ly  a f fe c te d  v ig ila n c e  (F - te s t ,  P<0.05)
Overall Density, further stepwise multiple regressions were carried 
out on the full sample of observations, to determine which species
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(b) Which Species Can Be Trusted?
Having determined that visible density was more important than
I:
g ..
d id  a f f e c t  th e  v ig ila n c e  o f tu rn s to n e s  and p u rp le  sandp ipe rs , and the  
r e l a t iv e  im po rtance o f each v a r ia b le .  The same s e le c t io n  c r i t e r i a  fo r 
sp ec ie s  v a r ia b le s  and d a ta  tra n s fo rm a tio n s  were used as  before. This 
t im e , how ever, th e  o rd e r  o f  e n t r y  o f  v a r i a b l e s  i n t o  th e  r e g r e s s io n  
was n o t p redeterm ined . The r e s u l t s  a re  g iven  in  Table 5.2; v a r ia b le s  
found to  have n o n s ig n if ic a n t F -v a lu es  (P > 0.05) a re  l i s t e d  below the  
t a b le ,
T ab le  5 .2 . V a r ia b le s  Found to  be S i g n i f i c a n t l y  R e la te d  to  th e  
V ig ilance  Time o f  Turnstone and P u rp le  Sandpiper
V ariab le^ E-Value
Amount o f  S.E. o f  
V ariance R egression 
Explained C o e ff ic ie n t
(a) TURNSTONE
Turnstone d e n s ity 146.4 *** 14.83% 0.026V is ib i l i ty  sco re 82.79 *** 9.63% 0.138
P urp le  sandpiper d e n s ity 55.23 *** 5.84% 0.044
Redshank d e n s ity 24.90 *** 2.34% 0.037
O y sterca tch er d e n s ity 10.16 ** 1.01% 0.040
T o ta l; 33.64%
Sample s iz e  = 673, o v e ra l l F -value = 67.63, P<0.001.
Bird densities found not to significantly affect vigilance; Ringed plover, dunlin, pigeon, gull, starling.
(B) PURPLE SANDPIPER
P urp le  sandpiper d e n s ity 154.7 *** 34.56% 0.028
V is ib l i ty  sco re 49.50 *** 6.17% 0.185
Turnstone d e n s ity 6.80 * 0.58% 0.052
G ull d e n s ity 6.39 * 0.81% 0.028
T o ta l; 42.11%
Sample s iz e  = 460, o v e ra ll F -v a lu e = 82.76, P<0.001.
B ird  d e n s i t i e s  found n o t to  a f f e c t  v ig i l a n c e :  R edshank, r in g e d
p lo v e r, o y s te rc a tc h e r .
$ A ll v a r ia b le s  (inc lud ing  th e  dependent) were transfo rm ed  to  n a tu ra l  
lo g a rith m s fo r  th e  re g re ss io n . S ig n ific an c e  le v e ls ;  *** P<0.001, ** 
P<0.01, * P<0.05.
While th e  d e n s ity  o f  c o n sp e c if ic s  i s  th e  m ost im portan t v a r ia b le
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a f f e c t i n g  V ig i la n c e  Time in  b o th  s p e c ie s ,  i t  i s  a ls o  a d ju s te d  
acco rding to  th e  d e n s ity  o f  s e v e ra l  o th e r  sp ec ie s  and th e  v i s i b i l i t y  
sco re . The o v e ra l l  re g re ss io n  eq u a tio n s  a re  as  fo llo w s;
T urnstone:
In  (V ig ila n c e  Time) -  5,32 -  0 .314 ln(T) -  0.329 ln (P ) -  0.183 ln(R) -
0 .126 ln (0 ) -  1,254 In  ( V is ib i l i ty  Score)
P urple  Sandpiper:
In  (V ig ila n c e  Time) = 5.37 -  0 .348 ln(P ) -  0.136 ln(T ) + 0.072 ln(G) -
1,305 ln ( V i s ib i l i t y  Score)
w here T, P , R, O and G a re  V i s i b l e  D e n s i t i e s  o f  tu r n s to n e s ,  p u rp le
san d p ip ers , redshanks, o y s te rc a tc h e r s  and g u l ls  re sp e c tiv e ly .
The re g re ss io n  c o n s ta n t and c o e f f ic ie n ts  fo r  c o n sp e c if ic  d e n s ity
and V i s i b i l i t y  S co re  a re  v e ry  s i m i l a r  fo r  th e  tw o s p e c ie s .  However
tu rn s to n e s  sh are  v ig ila n c e  w ith  more sp ec ie s , w h ile  th e  v ig ila n c e  of
p u rp le  s a n d p ip e r s  a c t u a l l y  in c r e a s e s  a s  g u l l  d e n s i t y  in c r e a s e s .  In
tu rn s to n e s  th e  c o e f f ic ie n t  in  th e  re g re ss io n  eq u a tio n  fo r co n sp ec ific
d e n s ity  i s  s ig n i f ic a n t ly  g re a te r  in  m agnitude than  th a t  fo r redshanks
or o y s te r  c a tc h e rs  (d=2.91, P<0.01 and d=3,97, P<0.001 re s p e c tiv e ly ) ,
b u t n o t  s i g n i f i c a n t l y  d i f f e r e n t  from  t h a t  f o r  p u r p le  sa n d p ip e r
d e n s i ty  (d=0.29, NS). T h e re fo re  a  t u r n s to n e 's  v ig i l a n c e  i s  reduced
more in  th e  p resence  o f tu rn s to n e s  and p u rp le  san d p ip e rs  than  i t  i s
by redshanks or o y s te rc a tc h e rs . W ith p u rp le  san d p ip ers , however, the
c o e f f ic ie n t  fo r  c o n sp e c if ic  d e n s i ty  i s  g re a te r  in  m agnitude than  th a t
f o r  tu r n s to n e  d e n s i ty  (d=3.60, P<0.001), in d ic a tin g  th a t  tu rn s to n es
have l e s s  o f  an  e f f e c t  in  re d u c in g  a p u rp le  s a n d p ip e r 's  v ig i la n c e
th a n  do o th e r  p u rp le  s a n d p ip e r s .  The r e g r e s s io n  c o e f f i c i e n t  fo r
V i s i b i l i t y  S c o re s  shows t h a t  v i g i l a n c e  in c r e a s e s  a p p r e c ia b ly  w ith
decreasin g  v i s i b i l i t y  in  both  sp e c ie s ; th e  e f f e c t  o f  v i s i b i l i t y  has
a lread y  been in v e s tig a te d  in  more d e t a i l  in  s e c tio n  5.1,
(c) How i s  th e  Level o f  V ig ilan ce  A lte red?
To s im p lify  an a ly ses  and re p re se n ta tio n  o f  th e  d a ta , d e n s i t ie s
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of th e  sp ec ie s  th a t  s ig n i f ic a n t ly  reduced v ig i la n c e  (i.e . tu rn s to n e , 
pu rp le  sandp iper, redshank and o y s te r c a tc h e r  f o r  tu r n s to n e ;  p u rp le  
sandpiper and tu rn s to n e  fo r  p u rp le  sandpiper) were summed to  produce 
one t o t a l  d e n s i ty .  As a l l  s p e c ie s  do n o t have e q u a l e f f e c t s  on 
re d u c in g  an in d i v i d u a l 's  v i g i l a n c e ,  d e n s i t i e s  o f  s p e c ie s  t h a t  had 
l e s s  e f f e c t  th a n  i t s  own s p e c i e s  w e re  f i r s t  c o n v e r te d  t o  
'c o n sp e c if ic -e q u iv a le n t ' d e n s i t ie s .  T his was done u sing  th e  r a t io s  o f 
th e  r e s p e c t iv e  s p e c ie s  c o e f f i c i e n t s  from  th e  m u l t ip l e  r e g r e s s io n  
equations given  above (i.e . fo r  a tu rn s to n e , a neighbouring redshank 
i s  e q u iv a len t to  0.183/0.314 c o n sp e c if ic s ) . The e f f e c t  o f v i s i b i l i t y  
was rem oved by o n ly  c o n s id e r in g  o b s e r v a t io n s  w here v i s i b i l i t y  was 
unim paired (i.e . scored  12). F igure  5.7 shows th a t ,  fo r  both sp e c ie s . 
V ig ilance  Time drops ra p id ly  a s  d e n s i ty  in c re a se s  from zero (i.e . no 
o th e r b ird s  o f s ig n i f ic a n t  sp e c ie s  w ith in  10m o f th e  fo c a l b ird ) to  
around  s i x ,  b u t th e n  l e v e l s  o f f  to  an a sy m p to te  d e n o tin g  a minimum 
l e v e l  o f  v ig i l a n c e .  T h is  change in  v ig i l a n c e  r a t e  i s  due to  ch an g es  
in  b o th  S cann ing  R ate  (F ig . 5.8) and Scan D u ra tio n  (F ig . 5 .9 ). Scan 
D u ra tio n  re m a in s  c o n s ta n t  a t  d e n s i t i e s  g r e a t e r  th a n  f iv e ,  b u t  
in c rease s  sh arp ly  as d e n s ity  d rops below th i s  le v e l .  In  c o n tra s t  th e  
Scanning Rate i n i t i a l l y  in c re a se s  in  both  sp ec ie s  a s  d e n s ity  d ro p s , 
b u t t h i s  in c r e a s e  i s  n o t  m a in ta in e d  as  d e n s i ty  re a c h e s  th e  lo w e s t  
le v e ls .
I f  th e  in c r e a s e  in  l e v e l  o f  v ig i l a n c e  w ith  d e c re a s in g  d e n s i ty  
was to  be p ro d u ced  s o l e l y  by in c r e a s in g  sc a n n in g  r a t e ,  i t  can  be 
shown t h a t  b i r d s  a t  a  d e n s i t y  o f  z e ro  w ould have to  scan  46,8
(turnstone) o r 54.6 (purple s a n d p ip e r )  t im e s  p e r  m in u te  ( c a lc u la te d
V ig ilance  Time a t  zero  d e n s ity  /'  mean Scan D uration  fo r  d e n s ity  >
g). T h is  r a t e  o f  head m ovem ent w ould c l e a r l y  red u ce  fe e d in g  
e f f ic ie n c y  d r a s t i c a l ly ,  and so th e re  i s  an in c re a se  in  Scan D uration
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F ig .5 .7. The r e l a t i o n s h i p  b e tw een  v ig i l a n c e  t im e  and su rro u n d in g  
v is ib le  d e n s ity  o f b ird s  (expressed as c o n sp e c if ic -e q u iv a le n ts , see 
t e x t  fo r  d e t a i l s ) .  Data a re  p resen ted  as grouped means = S.E.
(a) Turnstone: tg  = -0 .395  (n=195), P<0.001.
(b) P u rp le  s a n d p ip e r :  r  = -0 .5 2 7  (n=173), P<0.001.
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F ig .5 .8, The r e l a t i o n s h i p  b e tw een  scanning  r a te  and v is ib le  d e n s ity  
(e x p re sse d  as  c o n s p e c i f i c - e g u iv a l e n t s ,  s e e  t e x t  f o r  d e t a i l s ) .  D ata  
a re  p rsen ted  as  in  F ig .5 ,7 .
(a) Turnstone: r^  = -0 .339  (n=195), P<0.001.
(b) Purple sandp iper: r^  = -0 .389  (n=173), P<0,001.
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F ig .5.9. The r e l a t i o n s h i p  b e tw een  sca n  d u ra tio n  and v is ib le  d e n s ity  
(e x p re sse d  a s  c o n s p e c i f i c - e q u iv a l e n t s ,  s e e  t e x t  fo r  d e t a i l s ) .  D ata  
a re  p resen ted  as in  F ig .5 .7 .
(a) Turnstone: r^  = -0 .208  (n=195), P<0.01.
(b) P urp le  sandp iper: r  = -0 .452  (n=173), P<0.001.
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F ig .5.10. The r e l a t i o n s h i p  b e tw een  in te r s c a n  i n t e r v a l  and v i s i b l e  
d e n s ity  (expressed a s  c o n sp e c if ic -e q u iv a le n ts , see  t e x t  fo r d e ta i l s ) .  
Data a re  p resen ted  as  in  F ig ,5 .7 .
(a) Turnstone: r^  = 0.402 (rF=195), P< 0 .001.
(b) Purple sandp iper: r„  = 0.469 (n=173), P<0.001,
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a t  th e  lo w est d e n s i t ie s ,  w h ile  scan r a te  rem ains r e l a t iv e ly  constan t.
The In te rS can  In te rv a ls  in c re a se  w ith  d e n s ity  in  bo th  sp ec ie s  as 
a  consequence o f a lower scanning r a te  and in c reased  tim e sp en t no t 
v i g i l a n t  (F ig . 5 .10). However in  tu r n s to n e  th e  In te rS c a n  I n t e r v a l  
th e n  d ro p s  a g a in  f o r  d e n s i t i e s  g r e a t e r  th a n  21 ( t  = 2 .69, P<0.01 
com pared w ith  d e n s i ty  = 1 6 -2 0 ). T h ere  i s  a te n d en c y  (a lth o u g h  n o t 
s ig n if ic a n t)  fo r  Scanning Rate to  in c rease  over t h i s  range ( t  = 1.81, 
N.S. fo r  th e  same c o m p ariso n ) . No su ch  e f f e c t  i s  a p p a r e n t  in  p u rp le  
san d p ip ers .
5 .2 .3  D iscussion
Both tu rn s to n e s  and p u rp le  sandp ipers  do n o t 'tru s t*  neighbours 
t h a t  th e y  c a n n o t s e e ,  to  be v i g i l a n t  on t h e i r  b e h a l f .  T here  a re  tw o 
re a so n s  why t h i s  m ig h t be so , a s  m en tio n ed  e a r l i e r .  F i r s t l y  b i r d s  
cannot d e te c t  ch ea ts . P u lliam  e t  a]^ (1982) showed th a t  yellow -eyed 
ju n c o s  scan  a t  a  r a t e  t h a t  w ould be open to  e x p l o i t a t i o n  by c h e a ts  
who do n o t scan them selves b u t r e ly  s o le ly  on th e i r  neighbours. They 
h y p o th e s is e d  t h a t  i n d iv id u a l s  sh o u ld  th e r e f o r e  be m o n ito r in g  th e  
v ig ila n c e  o f t h e i r  neighbours, and c le a r ly  t h i s  i s  im possib le  when 
neighbours a re  n o t v is ib le .  Secondly, b ird s  may be unable to  a sse ss  
th e  O v e ra l l  D e n s ity , a s  th e y  a r e  u n a b le  to  t e l l  how many h id d en  
n e ig h b o u rs  a r e  p r e s e n t .  In  a d d i t i o n  b i r d s  m ust be a b le  to  se e  th e  
a la rm -f l ig h t  o f t h e i r  neighbours, i f  t h i s  i s  th e  method o f s ig n a ll in g  
th e  ap p ro ach  o f  a  p r e d a to r  (D avis 1975, Thompson & B arn ard  1983). 
T h e re fo re  th e  d e c i s io n  r u l e  on v ig i l a n c e  l e v e l s  in  th e  in d iv id u a l  
should be based on th e  number o f neighbours i t  see s  upon ra is in g  i t s  
head to  sca n . T h is  w ould e x p la in  th e  g r e a t e r  im p o r ta n c e  o f  V is ib le  
D ensity  (ra th e r than  O verall) in  in flu en c in g  v ig ila n c e  le v e ls .
D i f f e r e n t  s p e c ie s  do n o t  have e q u a l e f f e c t s  in  re d u c in g  
v ig i la n c e  l e v e l s  o f  i n d iv id u a l s  in  m ix e d -s p e c ie s  a g g re g a t io n s .  In
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both tu rn s to n e s  and p u rp le  san d p ip e rs  c o n sp e c if ic s  have the  g re a te s t  
e f f e c t  in  reducing  v ig i la n c e , w h ile  th e  p resence  o f  o th e r  sp ec ie s  may 
e i t h e r  red u c e  o r in c r e a s e  v i g i l a n c e ,  o r have no e f f e c t .  These 
d if fe re n c e s  may be expected to  depend p a r t ly  on th e  r e la t iv e  s iz e  o f 
the  o th e r sp ec ie s . Much la rg e r  sp e c ie s  may have few er p red a to rs  and 
so no t show alarm  a t  a l l  p o s s ib le  p re d a to rs  o f sm a ll waders. Indeed 
l a r g e r  s p e c ie s  may even in  th e m s e lv e s  c o n s t i t u t e  a  t h r e a t  to  th e  
sm all w aders, so making sh a rin g  o f  v ig ila n c e  u n lik e ly . In  a d d itio n , 
th e  e v o lu t io n  o f  in f o r m a t io n  t r a n s f e r  b e tw een  s p e c ie s  p ro b a b ly  
depends on some d e g re e  o f  sy m p a try  in  h a b i t a t  ty p e ,  and so th e  
communication o f alarm  may be l im i te d  between sp e c ie s  th a t  a re  very
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The p re s e n c e  o f  g u l l s  a c t u a l l y  in c r e a s e s  p u rp le  s a n d p ip e r
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r a re ly  found in  th e  same a re a s . Thus th e  only  o th e r sp ec ie s  found to  
reduce p u rp le  sandpiper v ig ila n c e  i s  the  tu rn s to n e ; th e  o th er sp ec ie s  
included in  the  sp ec ie s  a n a ly s is  (Table 5.2) were e i th e r  much la rg e r  
(T able 5.3) o r  w ere r a r e l y  e n c o u n te re d  by p u rp le  sandp ipers  (ringed 
p lo v ers  being m ainly r e s t r i c t e d  to  sandy h a b i ta ts  (Pienkowski 1981)). 
The tu r n s to n e  i s  l a r g e r  th a n  th e  p u rp le  s a n d p ip e r ,  and s h a re s  
v ig i la n c e  w ith  c o r re s p o n d in g ly  l a r g e r  w ader s p e c ie s .  The r e l a t i v e  
im p o rtan c e  o f  p u rp le  s a n d p ip e r s ,  re d sh an k s  and o y s te r c a tc h e r s  in  
re d u c in g  tu r n s to n e  v ig i l a n c e  (T ab le  5.2) c o r re sp o n d s  to  t h e i r  s i z e  
compared to  th a t  o f tu rn s to n e s  (Table 5.3), such th a t  the  s im i la r ly -  
s iz e d  p u r p le  s a n d p ip e r  h a s  m ore e f f e c t  th a n  th e  much l a r g e r  
o y s te rca tc h e r . D unlins, rin g ed  p lo v e rs , p igeons, s ta r l in g s  and g u l ls  
had no s i g n i f i c a n t  e f f e c t  on tu r n s to n e  v ig i l a n c e ;  th e  f i r s t  tw o 
a s so c ia te  w ith  tu rn s to n e s  l e s s  f re q u e n tly  than  do th e  wader sp ec ie s  
found to  have a s ig n i f ic a n t  e f f e c t ,  w h ile  p igeons and s ta r l in g s  a re  
ta x o n o m ic a lly  o n ly  d i s t a n t l y  r e l a t e d  to  w a d e rs , and have l i t t l e  
overlap  in  h a b i ta t  type.
f
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v ig ila n c e , b u t has no s ig n i f ic a n t  e f f e c t  on tu rn s to n e s . The increased
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v ig i la n c e  i s  p ro b a b ly  due to  tw o f a c t o r s :  s m a l l  w ad e rs  m ust av o id  
being 'trodden  on ' by th e  ve ry  much la rg e r  g u l l s ,  and ad jacen t g u l ls  
them selves c o n s t i tu te  o b s tru c t io n s  to  v i s i b i l i t y  ~ th e  s i tu a t io n  can 
be imagined as  ak in  to  'moving b o u ld e rs ' t h a t  m ust be avoided as w e ll 
a s  looked  o v e r . B oth o f  th e s e  e f f e c t s  a r e  o n ly  im p o r ta n t  when th e  
g u l l  and wader a re  in  c lo se  p ro x im ity . A s im ila r  r e s u l t  was no ticed  
on th e  r a r e  o c c a s io n s  when tu r n s to n e s  w ere found fe e d in g  in  h ig h  
d e n s ity  g u l l  f lo ck s .
T a b le  5 -3 . The S i z e s  ( E x p r e s s e d  a s  W e ig h ts )  o f  B ir d  S p e c i e s  
A ssoc ia ting  w ith  TUrnstones and P u rp le  Sandpipers
Species Mean W eight (g)
Waders: D unlin 53.6
P urp le  sandpiper 63.5
Ringed p lover 60.7
Turnstone 112
Redshank 176
O ysterca tch er 611
Non-waders: S ta r l in g 79.5
Domestic p igeon 249
H erring g u l l 895
* W eights o f waders and h e r r in g  g u l l  from Cramp & Simmons (1982), 
and o f s ta r l in g  and pigeon from  G reenew alt (1962)
This r e la t io n s h ip  i s  r a th e r  d i f f e r e n t  from th a t  involv ing  b lack­
headed g u l l s  L a ru s  r id ib u n d u s  and th e  two w ad ers  lap w in g  V a n e llu s  
v a n e l lu s  and g o ld e n  p lo v e r  P l u v i a l i s  a p r i c a r i a , w here th e  g u l l s  
appeared to  p rov ide  th e  w aders w ith  e a r ly  warning o f  alarm  (Thompson 
& B arn ard  1983) b u t  w ere k l e p t o p a r a s i t i c  in  tu r n  and so im posed a 
h ig h  c o s t  to  w ader fo r a g in g  e f f i c i e n c y .  T h is  le d  to  an in c re a s e  in  
wader v ig i l a n c e  w ith  in c r e a s in g  num bers o f  g u l l s  (B arnard  ^  a l . 
1982). H e rr in g  g u l l s  in  th e  p r e s e n t  s tu d y  r a r e l y  k l e p t o p a r a s i t i s e d  
e i th e r  tu rn s to n e s  or p u rp le  san d p ip e rs , p o s s ib ly  because food item s 
w ere  s m a l l  and  t h e r e f o r e  r e l a t i v e l y  q u i c k l y  consum ed an d
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e n e rg e t ic a l ly  u n a t tr a c t iv e  to  th e  g u l l s  (Brockmann & Barnard 1979).
The g r e a t e s t  ch an g es  in  v i g i l a n c e  w ith  ch an g in g  d e n s i ty  o ccu r 
over th e  d e n s ity  range o f zero  to  f iv e  b ird s  w ith in  10m of the  fo c a l 
in d iv id u a l ,  w ith  l i t t l e  o r no f u r t h e r  r e d u c t io n  in  v ig i la n c e  a s  
d e n s i ty  in c r e a s e s  beyond t h i s  p o in t .  However, th e  b e n e f i t  o f  th e  
d i l u t i o n  e f f e c t  w i l l  c o n t in u e  to  in c r e a s e .  In  tu r n s to n e s  th e  
in c re a s e  in  S cann ing  R ate  (and r e s u l t i n g  d e c r e a s e  in  In te rS c a n  
In te rv a l)  a t  h igh  d e n s i t ie s  may be due to  th e  in c re a se  in  in te r -  and 
i n t r a - s p e c i f i c  a g g re s s io n  w ith  in c r e a s in g  d e n s i t y  (C hapter 4 and 
r e f e r e n c e s  th e r e in ) .  Much o f  th e  i n t r a - s p e c i f i c  a g g re s s io n  i s  
concerned w ith  food, w ith  b ird s  k le p to p a ra s i t is in g  o r d isp la c in g  one 
ano ther from so u rces  o f food. T herefo re  a t  high d e n s i t ie s  b ird s  may 
become v i g i l a n t  a g a in s t  each  o th e r  ( in  a d d i t io n  to  b e in g  v i g i l a n t
th e i r  neighbours (Krebs e t  a l .  1972),
The tw o p a ra m e te r s  Scan D u ra tio n  and S cann ing  R ate  a l t e r  w ith  
d e n s i ty  b u t  o v e r d i f f e r e n t  d e n s i t y  ra n g e s , w ith  a  s w itc h  from  
in c re a s e d  S can n in g  R ate  to  in c r e a s e d  Scan D u ra tio n  a s  d e n s i ty
a g a in s t p re d a to rs ) , e i th e r  to  sp o t o p p o rtu n itie s  fo r  s te a l in g  food o r 
c o n v e r s e ly  to  a v o id  b e in g  th e  v ic t im  o f  a  s u r p r i s e  a t ta c k .  The
d iffe re n c e  between tu rn s to n e s  and p u rp le  sandp ipers  in  th i s  re s p e c t
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may be a r e s u l t  o f  th e  d i f f e r e n c e s  in  r a t e s  o f  k l e p t o p a r a s i t i c  
a g g re s s io n ,  a s  tu r n s to n e s  have a h ig h e r  r a t e  o f  i n t e r a c t i o n  o v e r 
i te m s  o f  food  (C hapter 4 ). T h e re  i s  a l s o  th e  p o s s i b i l i t y  t h a t  
in t r a s p e c i f ic  v ig ila n c e  i s  fo r  th e  p u rp o se  o f  f e e d in g  en hancem en t, 
w hereby in d iv id u a l s  im prove t h e i r  fo ra g in g  perform ance by copying I1 
.d e c re a s e s  below  a c e r t a i n  l e v e l .  Below t h i s  l e v e l  Scan D u ra tio n  i s  
c o n s ta n t  (a p p ro x im a te ly  0.37 sec o n d s  in  b o th  s p e c ie s ) ;  t h i s  i s  
p re su m ab ly  th e  minimum tim e  n eeded  to  ta k e  in  th e  in fo rm a t io n  
req u ired  from a  scan. The method o f  ad justm en t o f v ig ila n c e  le v e ls  by 
a l t e r i n g  th e s e  tw o p a ra m e te r s  i s  v e ry  s i m i l a r  in  th e  two s p e c ie s .
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This c o n tra s ts  w ith  th e  s i tu a t io n  where v i s i b i l i t y  v a r ie s ,  where the  
s p e c ie s  a l t e r  t h e i r  v i g i l a n c e  in  q u i t e  d i f f e r e n t  ways ( s e c t io n  
5 .1 ,2 ). McVean & H ad d lesey  (1980) found b o th  v a r i a b le s  a l t e r e d  
according to  th e  o v e ra l l  v ig i la n c e  r a t e  in  house sparrow s , b u t d id  
n o t d i r e c t l y  i n v e s t i g a t e  th e  e f f e c t  o f f lo c k  d e n s i ty  o r s iz e .  The 
f a c t  th a t  Scan D uration  v a r ie s  has im p lic a tio n s  fo r  s tu d ie s  th a t  have 
assumed th a t  v ig ila n c e  le v e ls  a re  c o n tro lle d  p u re ly  by scanning ra te  
(e.g. F le i s c h e r  1983). For t h i s  to  be t r u e ,  th e  h ig h e s t  v ig i la n c e  
le v e ls  observed in  t h i s  s tudy  would re q u ire  im possib ly  high  Scanning 
R a te s , a s  shown e a r l i e r .  T h e re fo re  th e  c o s t s  o f  v ig i l a n c e  m ust be 
measured (a t l e a s t  in  th e se  sp ec ie s) in  term s o f tim e  spen t v ig i la n t  
as w e ll a s  th e  number o f  scans per u n i t  tim e.
5 .3  Changing P r i o r i t i e s ;  The E f fe c t  o f  Pre-M igratory  F a tten in g  on th e  
Trade o f f  Between Foraging and V ig ilan ce
Many s tu d i e s  o f  f o r a g in g  b e h a v io u r  have c o n c e n tra te d  on how 
an im als m ight maximise t h e i r  n e t  r a te  o f resou rce  a c q u is it io n , th e  
re s o u rc e  m easu red  u s u a l ly  b e in g  e n e rg y  (rev iew ed  in  K rebs 1978). 
However, re c e n t work has shown th a t  s e le c t io n  p re s su re s  o th e r than  
th e  need to  a c q u ir e  r e s o u r c e s  m ig h t in f lu e n c e  fo ra g in g  b eh av io u r 
(Krebs & M cC leery 1984). For in s ta n c e ,  an in c r e a s e  in  th e  r i s k  o f  
p r e d a t io n  m ig h t c a u se  a  s h i f t  from  a s t r a t e g y  w hich  m axim ised  
fo rag ing  e f f ic ie n c y  to  one l e s s  e f f i c i e n t  b u t s a fe r  (Schoener 1971, 
Covich 1976). T h ere fo re , w h ile  an an im a l's  o p tim al s t r a te g y  may n o t 
be o p tim a l w i th  r e s p e c t  to  any  one s e l e c t i o n  p r e s s u r e ,  i t  may 
n o n e th e le s s  r e p r e s e n t  th e  b e s t  com prom ise b e tw een  c o n f l i c t i n g  
s e l e c t i o n  p r e s s u r e s  ( i . e .  i t  m a x im is e s  o v e r a l l  s u r v i v a l  and  
re p ro d u c t iv e  f i t n e s s ) .  S p a t i a l  and te m p o ra l v a r i a t i o n s  in  th e  
im p o rtan c e  o f  th e  d i f f e r e n t  p a ra m e te r s  can  le a d  to  d i f f e r e n t  
s o lu t io n s  to  su ch  c o n f l i c t s ,  so  t h a t  o p tim a l b e h a v io u r  m ust be
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c o n s id e re d  a s  a dynam ic c o n c e p t,  w ith  a  c o n t in u a l  s h i f t i n g  o f  th e  
r e l a t i v e  c o s t s  and b e n e f i t s  o f  th e  d i f f e r e n t  b e h a v io r a l  o p t io n s  
(Pulliam  1976, McCleery 1978),
Of the  v a rio u s  c o n f l i c t s  which can occu r, th a t  between the  need 
to  fe e d  and th e  need to  a v o id  p r e d a t io n  h a s  been  s tu d ie d  in  m ost 
d e t a i l .  An in c re a s e d  p r e d a t io n  r i s k  may c a u se  a s h i f t  in  fe e d in g  
lo c a tio n  away from th e  a re a  o f  h ig h e s t  n e t energy in ta k e  to  one where 
r i s k  o f  p r e d a t io n  i s  re d u c ed  (M il in s k i  & H e l le r  1978, S ih  1980, 
1982a). A lte rn a tiv e ly , th e re  may be an in creased  investm en t in  tim e 
spen t v ig i la n t  fo r  p re d a to rs  (Caraco e t  a l .  1980a), which a lso  ten d s  
to  red u ce  food  in ta k e  r a t e  a s  f o r a g in g  and v ig i l a n c e  a re  u s u a l ly  
in c o m p a tib le  (P u llia m  1973, P o w e ll 1974, B arn ard  1980a, Goldman 
1980). Although s ta rv e d  an im als  may i n i t i a l l y  o p tim ise  fo rag ing  (Sih 
1982b) a t  th e  expense o f p re d a to r  avoidance (H eller & M ilin sk i 1979), 
th e  r i s k  o f  s t a r v a t i o n  d im in is h e s  th e  lo n g e r  th e  a n im a l f e e d s ,  so 
th a t  a n ti-p re d a to ry  s t r a t e g i e s  in c re a se  in  im portance as s a t i a t io n  i s  
approached (McCleery 1978, Krebs 1980b).
The r e la t iv e  im portance o f  fo rag in g  i s  n o t on ly  a ffe c te d  by an 
anim al’s im m ediate needs; th e re  a re  tim es when an im als  need to  la y  
down energy re se rv e s  fo r  a n t ic ip a te d  fu tu re  c o s ts . An example o f t h i s  
i s  th e  p re -m ig ra to ry  p e rio d , a s  th e  m ig ra tio n  i t s e l f  may be over long 
d i s ta n c e s  and so  im pose h ig h  e n e r g e t i c  c o s t s  due to  p ro lo n g e d  
locom otion. The in d iv id u a l m ust t h e r e f o r e  a c c u m u la te  en e rg y  s t o r e s  
excess to  i t s  norm al req u irem en ts  p r io r  to  d e p a r tu re , e s p e c ia lly  as 
fe e d in g  may n o t  be p o s s ib le  en  r o u te  (Page & M id d le to n  1972). 
F o rag in g  e f f i c i e n c y  may th u s  be p a r t i c u la r ly  im p o rtan t during  t h i s  
p e rio d .
T h is  s e c t io n  ex am in es  w h e th e r  th e  in c re a s e d  im p o rta n c e  o f  
fo ra g in g  p r i o r  to  m ig r a t io n  c a u s e s  an  a l t e r a t i o n  in  th e  b a la n c e
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between fo rag in g  and avoidance of p red a tio n , by measurement o f th e
tim e  in v e s te d  in  a n t i - p r e d a t o r y  v ig i l a n c e  in  n o n -m ig ra to ry  and
m igrato ry  su b -p o p u la tio n s  o f tu rn s to n e s , both b e fo re  and during  the
period  o f  p re -m ig ra to ry  fa t te n in g .
The n o rth -w es t P a le a r c t ic  p o p u la tio n  o f tu rn s to n e s  breeds in  the
a r c t i c  tu n d ra  o f  n o r t h - e a s t  Canada and G reen lan d , and w in te r s  on
rocky  s h o r e l in e s  in  w e s te rn  Europe (Branson e_t 1978). The
e n e r g e t ic  r e q u ire m e n ts  o f  s p r in g  m ig r a t io n  in  th e  tu rn s to n e  a re
c o n s id e r a b le ;  fo r  b i r d s  w in te r in g  in  B r i t a in  th e  f l i g h t  d is ta n c e s
in v o lv e d  may be o v er 3500 km, in c lu d in g  a t  l e a s t  1000 km o f  se a
between S co tland  and Ice lan d  which must be flown non-stop , and th e re
may be l i t t l e  r e p le n is h in g  o f  f a t  r e s e r v e s  once Ic e la n d  i s  reach ed
.(W ilson 1981). In  a d d i t i o n ,  b i r d s  t h a t  a r r i v e  in  th e  a r c t i c  hav in g
p r io r  to  d e p a r tu re , b u t to  do t h i s  a t  the  c o r re c t  tim e  and ra te .
icom pletely  used up th e i r  re s e rv e s  may subsequently  s ta rv e  to  death  i f  
weather c o n d itio n s  d e te r io r a te  (M orrison 1975). Consequently b ird s  do 
n o t le a v e  B r i t a i n  u n t i l  th e y  have g r e a t l y  in c re a s e d  t h e i r  f a t  and 
p r o t e in  s t o r e s ,  a s  in d ic a te d  by an in c re a s e  in  w e ig h t o f  over 40% 
(from  th e  a v e ra g e  w in te r  w e ig h t  o f  around llO g) in  th e  th r e e  w eeks 
p re c e d in g  m ig r a t io n  (Clapham 1979). However, th e r e  a re  re a so n s  to  
b e liev e  th a t  any d e lay  in  d e p a r tu re  could s e r io u s ly  a f f e c t  breeding 
success. Comparison o f d e p a r tu re  d a te s  (Clapham 1979, Chapter 2) w ith  
d a te s  o f a r r i v a l  in  th e  a r c t i c  (Parmelee & MacDonald 1960) in d ic a te  
t h a t  th e  m ig r a t io n  i s  r a p id  and sy n c h ro n ise d . A l l  b re e d in g  b i r d s  
norm ally  a r r iv e  in  th e  a r c t i c  w ith in  sev e ra l days o f  each o th e r , and 
p a ir s  a re  e s ta b lis h e d  on b reed ing  t e r r i t o r i e s  w ith in  a week (Parmelee
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& MacDonald 1960). L a te  a r r i v i n g  in d iv id u a ls  c o u ld  be a t  a s e v e re  
d isadvan tage in  th e  co m p etitio n  fo r  m ates and t e r r i t o r i e s ,  and i t  i s
th e re fo re  im p o rtan t n o t on ly  to  b u ild  up enough m ig ra to ry  re se rv es
J u v e n i l e s  (b i r d s  in  t h e i r  f i r s t  y e a r  o f  l i f e )  m ig r a te  so u th  in
137
autumn to  th e  same w in te r in g  grounds as a d u l ts ;  however they r a re ly  
re tu rn  to  th e  a r c t i c  to  breed  th e  fo llow ing  sp rin g  b u t in s te ad  rem ain 
in  th e  w in te r in g  a r e a s  (Cramp & Simmons 1982, a l s o  C h ap te r 2). They 
m a in ta in  th e  w in te r  w e ig h t th ro u g h  to  th e  summer (B ranson e t  
1979) and th e re fo re  p rov ide  a c o n tro l a g a in s t which th e  p re -m ig ra to ry  
behaviour o f th e  a d u lts  can be m easured. As tu rn s to n e s  keep to  sm all 
home ra n g e s  in  th e  w in te r  (C h ap ter 3 ), th e  b e h a v io u r  o f  th e  same 
marked in d iv id u a l s  can  be fo l lo w e d  u n t i l  th e  moment o f  s p r in g  
d ep artu re ,
5 .3 .1  Methods
The d a ta  used in  t h i s  a n a ly s is  were V ig ilance  Times from the  one 
m inute fo c a l b ird  o b se rv a tio n s ; c ase s  were s e le c te d  where th e  fo c a l 
b ird  was co lo u r-r in g ed  and hence o f  known age category . The methods 
o f c o lle c t in g  th e  d a ta  have a lre a d y  been desc rib ed  in  s e c tio n  5,1.1. 
To s im p l i f y  th e  a n a l y s i s ,  o n ly  o b s e r v a t io n s  w here  th e  V i s i b i l i t y  
Score was recorded  a s  12 (i.e . th e  b ird  had u n re s t r ic te d  v i s ib i l i t y )  
were included. A ll d a ta  were c o lle c te d  between 3rd February 1982 and 
17th May 1983.
M igratory  d e p a rtu re  occu rred  during  e a r ly -  to  mid-May, w ith  on ly  
th re e  c o lo u r-r in g ed  a d u l ts  rem ain ing  on th e i r  norm al home ranges by 
17th May 1983. T herefo re  th e  th ree-w eek  p erio d  o f w eigh t in c rease  in  
a d u lts  was taken  to  be from  28th  A p ril  to  18th May, and th e  d a ta  were 
d iv ided  acco rd in g ly  in to  w in te r  and p re -m ig ra to ry  fa t te n in g  p e rio d s .
5 .3 .2  R esu lts
In  a d u lts  th e re  was a n e g a tiv e  l in e a r  r e la t io n s h ip  between th e  
logarithm  o f v ig ila n c e  and th e  lo g a rith m  o f b ird  d e n s ity  in  both  the  
w in ter and p re -m ig ra to ry  p e rio d s  (Pig. 5,11), such th a t  b ird s  reduced 
th e  p ro p o r t io n  o f  t im e  s p e n t  s c a n n in g  a s  su rro u n d in g  s h o re b ird
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d e n s i ty  in c r e a s e d  (as found  f o r  th e  co m p le te  w in te r  d a ta  s e t  
(inc lud ing  d a ta  from n o n -co lo u r-rin g ed  b ird s) in  s e c tio n  5.2.2). The 
r e l a t i v e  e f f e c t  o f  d e n s i t y  w as th e  sam e in  t h e  tw o  p e r i o d s  
(covariance a n a ly s is ,  com paring s lo p es  o f th e  two re g re ss io n  l in e s :  
^128 2”^*®^' N .S.). H ow ever, th e  o v e r a l l  l e v e l  o f  v ig i l a n c e  was 
s ig n if ic a n t ly  low er in  th e  p e rio d  p r io r  to  m ig ra tio n  compared to  the  
r e s t  o f  th e  w in te r  (c o v a r ia n c e  a n a ly s i s ,  com paring  e le v a t io n s :  
F i 2b, 1=25.74, P<0.001).
The s h o r t  d u r a t io n  o f  o b s e r v a t io n s  (n e c e s sa ry  a s  b i r d  d e n s i ty  
f lu c tu a te d  w ith  tim e) produced la rg e  v a rian ces  in  observed v ig ila n c e  
ra te s .  T his re s u lte d  in  th e  sam ple s iz e s  ob tained  fo r ju v e n ile s  being 
too sm all to  produce s ig n i f ic a n t  r e g r e s s io n s  b e tw een  v ig i l a n c e  and 
d e n s i ty ,  e s p e c i a l l y  a s  th o s e  o b s e r v a t io n s  from  th e  p r e - m ig r a t io n  
p e r io d  w ere  from  a r a th e r  r e s t r i c t e d  ran g e  o f  d e n s i t i e s .  However 
th e r e  i s  no re a so n  to  su p p o se  t h a t  d e n s i ty  d oes n o t  have a s i m i l a r  
e f f e c t  on th e  v ig i l a n c e  o f  j u v e n i l e s  a s  on t h a t  o f  a d u l t s  (as t h e i r  
behaviour does n o t d i f f e r  m arkedly in  o th e r re sp e c ts ) . Comparing th e  
ju v e n ile  d a ta  w ith  those  fo r  a d u l ts  shows the  form er to  f i t  th e  a d u lt  
w in ter r e la t io n s h ip  (ra th e r th an  th a t  fo r a d u lts  in  th e  p re -m ig ra tio n  
p e rio d )  in  b o th  p e r io d s  o f  d a ta  c o l l e c t i o n  (F ig . 5 .12). T e s t in g  
s t a t i s t i c a l l y  (using th e  n u l l  h y p o th esis  th a t  th e re  should be equal 
numbers o f  ju v e n ile  d a ta  p o in ts  e i th e r  s id e  o f  th e  a d u l t  re g re ss io n  
l i n e s ) ,  j u v e n i l e s  w ere n o t  s i g n i f i c a n t l y  d i f f e r e n t  from  a d u l t s  in  
t h e i r  v ig i l a n c e  l e v e l s  in  w in te r  (b in o m ia l P = 0.49), b u t  w ere more 
v i g i l a n t  th a n  a d u l t s  in  th e  p re -m ig r a t io n  p e rio d  (binom ial P=0.01). 
Ju v en ile  v ig ila n c e  in  th e  a d u l t  p r e - m ig r a t io n  p e r io d  was th e r e f o r e  
m a in ta in e d  a t  th e  w in te r  l e v e l  (com paring  w ith  w in te r  a d u l t s ,  
binom ial P -0 .1 6 ).
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Pig.5,11. The r e la t io n s h ip  betw een v ig ila n c e  tim e of a d u lt  tu rn s to n e s  
and v is ib le  d e n s ity  (expressed a s  c o n sp e c if ic -e q u iv a le n ts , see  te x t  
fo r d e t a i l s ) .  Data a re  p re sen te d  as in  F ig .5 .7 .
W in ter p e r io d  ( c i r c l e s  and s o l i d  r e g r e s s io n  l i n e ) ;  r  = 0 . 5 1 9 ,  
P<0.001; y = - 0 . 3 8 3 X  + 2 .29 .
P re - m ig ra to ry  p e r io d  (s q u a re s  and d o t te d  r e g r e s s io n  l i n e s ) :  r  = -  
0.459, P<0.001; y = -0 .495x  + 1 .93 .
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F ig .5.12. The r e l a t i o n s h i p  betw een  v ig i l a n c e  tim e  o f  ju v e n i l e  
tu rn s to n es  and v i s ib le  d e n s ity  (expressed a s  c o n sp e c if ic -e q u iv a le n ts , 
see te x t  fo r  d e ta i l s ) .  Observed v a lues fo r  w in te r  (c irc le s )  and a d u lt  
p re -m ig ra to ry  p e rio d s  (diamonds) a re  shown, to g e th e r w ith  th e  a d u lt  
reg re ss io n  l in e s  from F ig .5.11 fo r  comparison.
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5 .3 .3  D iscussion
The a v a ila b le  evidence su g g es ts  th a t  tu rn s to n e s  a re  no t u su a lly  
s t r e s s e d  d u r in g  B r i t i s h  w in te r s ;  s u r v iv a l  r a t e s  a r e  h ig h  even in  
s e v e re  c o n d i t io n s  (C hap ter 2 and r e f e r e n c e s  t h e r e i n ) ,  and , in  
c o n tra s t  to  most w in te rin g  sh o re b ird s , th e re  i s  no marked d ep o sitio n  
o f f a t  re se rv e s  during  th i s  p e r io d  (Cramp & Simmons 1982). T herefore 
th e  r e la t iv e  im portance o f m axim ising energy g a in  can be expected to  
be g re a te r  in  th e  pe rio d  im m edia te ly  p r io r  to  m ig ra tio n  than during 
the  r e s t  o f  th e  tim e  sp en t in  th e  w in te rin g  q u a r te r s .  This increased  
im portance r e s u l t s  in  an in c re a se  in  th e  p ro p o rtio n  o f tim e invested  
in  fo r a g in g ,  a t  th e  ex pense  o f  t im e  s p e n t  v i g i l a n t ,  so  p ro d u c in g  an 
in c re a s e d  r i s k  o f  p r e d a t io n .  The p e r io d  o f p re -m ig ra to ry  fa tte n in g  
can  th u s  be c o n s id e re d  s i m i l a r  to  one o f  s t a r v a t i o n ,  d u r in g  w hich 
resou rce  accum ulation  acq u ire s  a h igher p r io r i t y ,  a t  the  expense of 
o th e r behaviours (H eller & M ilin sk i 1979, Krebs 1980b). The lack  o f a 
red u c tio n  o f v ig ila n c e  in  ju v e n ile s  confirm s th a t  i t  i s  the  fa c to r  o f 
m ig ra tio n  th a t  causes t h i s  change in  a d u lts .
S in c e  in d iv id u a l  v ig i l a n c e  d e c r e a s e s  w ith  in c r e a s in g  f lo c k  
d e n s ity , a d u lt  tu rn s to n e s  m ight be expected to  compensate fo r th e i r  
need to  red u ce  v ig i la n c e  in  th e  p r e - m ig r a to r y  f a t t e n i n g  p e r io d  by 
fo rm in g  d e n se r  f lo c k s .  C araco  e t  a l .  (1980a) found  t h a t  y e llo w -e y e d  
j  uncos formed la rg e r  f lo c k s  when th e  r is k  o f p re d a tio n  was increased  
by th e re  being a p red a to r in  th e  a rea . However, th e  s i tu a t io n  in  th e  
ruddy tu rn s to n e  i s  more co m p lica ted , as the  numbers o f a l l  sp ec ies  o f 
wader p re se n t in  th e  study a re a  d e c lin e s  during  t h i s  p e rio d  (as b ird s  
m ig r a te ) , so re d u c in g  th e  p o t e n t i a l  fo r  fo r m a tio n  o f  l a r g e r  f lo c k s  
(C hapter 6 ), The c o s t s  o f  b e in g  in  l a r g e r  o r d e n s e r  f lo c k s ,  such  a s  
h igher le v e ls  o f  agg ress io n  or feed in g  in te r fe re n c e  (Chapter 4), and 
th e  p o ss ib le  requ irem en t o f an a l t e r a t i o n  in  home ranges to  encompass 
such  f lo c k s ,  may i n h i b i t  t h e i r  fo rm a tio n . A d u lts  reduced  t h e i r
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v ig i la n c e  by a s  much in  h ig h  d e n s i t y  f lo c k s  a s  in  low , so t h a t  
in c r e a s e d  r i s k - t a k i n g  was n o t  r e s t r i c t e d  to  s i t u a t i o n s  w here 
investm ent in  v ig i la n c e  would no rm a lly  be a t  a  h igh  le v e l ,
A second s t r a te g y  fo r  a d u l ts  m ight be to  p r e f e r e n t ia l ly  seek o u t
j u v e n i l e s  (as th e s e  a r e  more v i g i l a n t ) .  H ow ever, a s  ju v e n i le s  form  
o n ly  a p p ro x im a te ly  15% o f  th e  p o p u la t io n ,  and a s  (by th e  same 
reasoning) they  should perhaps avoid  a d u lts ,  the  e f f e c t  i s  u n lik e ly  
to  be g re a t ,  and indeed was n o t n o tic e a b le  in  t h i s  study,
5 .4  C orporate V ig ilan ce  and th e  P a t te rn  o f Scanning W ithin a Flock
By s h a r in g  v ig i l a n c e  w i th  n e ig h b o u rs , b i r d s  a r e  in  e f f e c t  
producing a group "co rpo ra te  v ig ila n c e "  (Lendrem 1984b), which can be 
d e f in e d  a s  th e  p ro p o r t io n  o f  t im e  t h a t  one o r  m ore members o f  th e  
g roup  a r e  v i g i l a n t .  I t  h as a l r e a d y  been shown ( s e c t io n  5.2.2) t h a t  
in d iv id u a ls  re d u c e  t h e i r  in v e s tm e n t  o f  t im e  in  v ig i l a n c e  a s  f lo c k  
d e n s ity  in c re a se s ; th i s  does n o t, however, p rec lu d e  th e  p o s s ib i l i ty  
th a t  th e re  i s  a sim ultaneous in c re a se  in  co rp o ra te  v ig ila n c e  (Pulliam  
1973). Thus, jo in in g  dense f lo c k s  may produce two b e n e f i ts  a sso c ia ted  
w ith  a n ti-p re d a to ry  behaviour: f i r s t l y  a red u c tio n  in  tim e lo s t  to  
fo ra g in g  th ro u g h  b e in g  v i g i l a n t ,  and se c o n d ly  an in c re a s e  in  th e  
lik e lih o o d  o f  d e te c tin g  an approaching p red a to r.
C orporate v ig ila n c e  would be m ost e f f e c t iv e  i f  w ith in  the  flo ck  
th e r e  was a  te m p o ra l s p a c in g  o f  s c a n s ,  so  t h a t  n e ig h b o u rs  scanned  
a l te r n a te ly  r a th e r  than  s im u ltan eo u sly . In  th i s  s i tu a t io n ,  co rp o ra te  
v ig ila n c e  would be th e  sum o f  th e  v ig ila n c e  o f  th e  group members, no 
scan n in g  t im e  b e in g  " lo s t "  th ro u g h  th e  s im u lta n e o u s  v ig i la n c e  o f 
s e v e r a l  b i r d s .  H owever, t h i s  w ould  r e q u i r e  h ig h  l e v e l s  o f co ­
o r d in a t io n  and hence  co m m u n ica tio n  b e tw een  n e ig h b o u rs , and a more 
l i k e l y  p a t t e r n  w ould be f o r  b i r d s  to  sca n  in d e p e n d e n tly  o f  one 
a n o th e r . In  t h i s  c a s e  th e r e  w ould  be a  d e g re e  o f  o v e r la p  in  th e
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scanning p e r io d s  o f in d iv id u a ls , and co rp o ra te  v ig i la n c e  would be a 
fu n c tio n  o f th e  p ro b a b i l i ty  th a t  one 0£  more b ird s  were v ig i la n t .
D i s t i n c t i o n  can be made b e tw een  th e s e  tw o s i t u a t i o n s  by 
ex am in in g  th e  p r o p o r t io n s  o f  t im e  t h a t  0 , 1 ,2 ,3 .. .  in d iv id u a ls  in  a 
f lo ck  a re  v ig i la n t .  I f  b ird s  make scans independently  of each o th e r , 
th e s e  p r o p o r t io n s  w i l l  te n d  to w a rd s  th e  b in o m ia l d i s t r i b u t i o n  
(E lcavage & C araco  1983). I f ,  h o w ev er, th e y  a r e  a b le  to  a l t e r n a t e  
p e rio d s  o f  v ig ila n c e  w ith  each o th e r ,  th e re  w i l l  be fewer occasions 
when more than  one b ird  i s  v ig i l a n t  than would be p re d ic te d  from the  
b inom ial d is t r ib u t io n .
T h e re fo re  th e  i n t e r - r e l a t i o n s h i p  o f  c o r p o r a te  v ig i la n c e  and 
f lo c k  d e n s i ty  was exam ined  by (1) d e te rm in in g  th e  p a t t e r n  o f  
s c a n n in g , and th e n  (2) u s in g  th e  r e s u l t  to  c a l c u l a t e  e s t im a te d  
co rp o ra te  v ig ila n c e  fo r  d i f f e r e n t  f lo c k  d e n s i t ie s .
5.4.1 Do B irds C oordinate Scanning w ith  th e i r  Neighbours?
Methods
I t  was re a so n e d  t h a t  b i r d s  w ould be b e s t  a b le  to  c o o rd in a te  
sca n n in g  when in  t i g h t  m o n o s p e c if ic  f lo c k s ,  and so  a c o n s e rv a t iv e  
approach was adopted wherby th e  t e s t  o f the  a b i l i t y  to  coord ina te  was 
made on b i r d s  in  t h i s  s i t u a t i o n .  V ideo f i lm  was made o f  r e l a t i v e l y  
s t a t i c  and d en se  f lo c k s  (21 tu r n s to n e s  fe e d in g  on dead w rack , 35 
p u rp le  s a n d p ip e r s  fe e d in g  on ro c k ) . The te m p o ra l d i s t r i b u t i o n  o f  
scans by members o f th e  f lo c k  was found by d e term in ing  the  p ro p o rtio n  
o f  b i r d s  v i g i l a n t  a t  h a l f - s e c o n d  i n t e r v a l s ,  u s in g  s lo w -m o tio n  and 
f r e e z e - f r a m e  a n a l y s i n g  e q u ip m e n t .  The o b s e r v a t io n s  co u ld  be 
considered  independent o f each o th e r ,  a s  th e  in te r v a l  between them 
was s ig n i f ic a n t ly  g re a te r  th an  th e  mean d u ra tio n  o f scans made by an 
in d iv id u a l in  e i th e r  flo c k  (mean scan  d u ra tio n  o f tu rn s to n e s  -  0.353 
+ 0.027 se c  (n==50), p u rp le  s a n d p ip e r s  ~ 0.377 + 0.035 s (n=50) ). As
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th e  e n t i r e  f lo c k s  c o u ld  n o t  be k e p t  in  th e  f i e l d  o f view  a t  th e  
m ag n ifica tio n  re q u ired  to  m onitor in d iv id u a l  b e h a v io u r , th e  c o u n ts  
were made o f a  su b se t o f th e  f lo c k s  -  the  te n  b ird s  a t  the  " le f t-h a n d  
end" o f both  f lo c k s . The number o f  b ird s  o u t o f th e  te n  was recorded 
fo r  each o b serv a tio n . The frequency  d is t r ib u t io n  o f sco res  was then  
compared to  th e  expected b inom ial d i s t r ib u t io n  fo r independent random 
scanning.
R esu lts
Turnstone 240 0.979 0.0979
Purple 120 1.425 0.1425
Sandpiper
so th a t  in d iv id u a l scanning b o u ts  d id  n o t o v erlap . Indeed, the  tren d
o ccasio n a l env ironm ental s t im u l i  (such as moving o b jec ts) th a t  prom pt
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The mean p ro p o rtio n s  o f  b ird s  scanning per fram e, and hence th e  
p r o b a b i l i t i e s  o f  an i n d iv id u a l  b e in g  v i g i l a n t ,  a r e  shown in  T ab le  
5.4. These v a lu es  were then  used to  gen era te  expected p ro b a b i l i t ie s  
t h a t  from  z e ro  to  sev en  b i r d s  o u t  o f  te n  ( th e  o b se rv e d  range) would 
be s im u ltan eo u sly  v ig i la n t .
T a b le  5 .4 . The mean p r o p o r t io n s  o f  tim e  tu r n s to n e s  and p u r p le  
san% )ipersy in  m onospecific  f lo c k s  o f  21 and 35 re s p e c tiv e ly  y sp en t 
v ig i la n t  (as determ ined by v ideo  fram e a n a ly s is ) .
No.frames Mean no. b ird s  o u t P ro p o rtio n  o f tim e 
Species examined o f  10 v ig i la n t  in d iv id u a l i s  v ig i la n t
■
  !
The d is t r ib u t io n s  o f observed  and expected sco res  a re  shown in
Fig.5.13, In  n e ith e r  sp ec ie s  i s  th e re  any d ep artu re  from the  expected 
d is t r ib u t io n s  (tu rnstone: = 3.40, 4df., NS; p u rp le  sandpiper; =
8.60, 4 d f . ,  NS). T h e re fo re  even  in  i d e a l  s i t u a t i o n s  n e i th e r  s p e c ie s  
showed a tendency fo r neighbouring  b ird s  to  co o rd in a te  th e i r  scanning
was in  th e  o th e r  d i r e c t i o n ,  to w a rd s  a te m p o ra l c lu m p in g  o f  s c a n s  
ra th e r  than  re g u la r  spacing. T h is  tendency could be due to  e i th e r  (1)
______
F ig .5 .1 3 . F requency  d i s t r i b u t i o n s  o f  th e  number o f  b i r d s ,  o u t  o f  a 
g roup  o f  te n ,  w hich  w ere v i g i l a n t  a t  any one t im e . T h in  l i n e s  = 
observed; th ic k  l in e s  = expected from b incm ial d i s t r ib u t io n .
(a) T u r n s to n e  (240 o b s e r v a t i o n s ) ,  (b) P u r p le  s a n d p ip e r  (120 
o b se rv a tio n s ) .
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v i g i l a n t  b e h a v io u r ,  o r (2) s o c i a l  f a c i l i t a t i o n  (C raw ford 1939), in  
w hich sc a n n in g  by one b i r d  ( p o s s ib ly  fo r  a g r e a te r - th a n - a v e r a g e  
duration) prom pts s im i la r  behaviour in  neighbours.
However, a s  th e s e  t r e n d s  to w a rd s  a  te m p o ra l c lum ping  o f  s c a n s
5.4.2 Does C orporate V ig ilan ce  In c re a se  w ith  Flock D ensity?
Methods
Given th a t  b ird s  in  a  group i n i t i a t e  scans independently  o f each 
o th e r , co rp o ra te  v ig ila n c e  (the  p ro p o rtio n  o f tim e th a t  one or more 
b ird s  i s  v ig i la n t)  can be e s tim a te d  as:
e s t im a te  o f  g ro u p  s i z e .  T h ere  w i l l  t h e r e f o r e  be a ten d en cy  to w a rd s  
und erestim atin g  co rp o ra te  v ig i la n c e  as  d e n s ity  in c re a se s . This w i l l  
le a d  to  Type I I  e r r o r s  ( f a i l u r e  to  r e j e c t  th e  n u l l  h y p o th e s is  o f
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were no t s t a t i s t i c a l l y  s ig n i f ic a n t ,  i t  can be assumed th a t  although 
b ird s  a d ju s t  th e  amount o f tim e  th ey  spend v ig i la n t  according to  the  
d e n s ity  o f b ird s  around them (se c tio n  5.2.2), th e i r  d ec is io n  on when 
to  scan  i s  made in d e p e n d e n tly  o f  th e  v ig i l a n c e  b eh av io u r o f  
neighbours.
if
■ft
V^ = 1 -  (P ro b a b ili ty  th a t  no b ird  i s  v ig i la n t)
= 1 -  (1 -  (1)
w here i s  th e  p r o p o r t io n  o f  t im e  an in d iv id u a l  in  t h a t  g roup  i s  
v i g i l a n t ,  and n i s  th e  g ro u p  s i z e  (m o d ified  from  Rubens t e  in  1978). 
However, in  th e  s i tu a t io n  s tu d ie d  f lo c k  s iz e  was o f te n  in d e term ina te  
(as exp lained  e a r l i e r ) .  As b ird s  were found to  a d ju s t  th e i r  v ig ila n c e  
a c c o rd in g  to  th e  number o f  b i r d s  th e y  co u ld  see  ( i .e .  t h e i r  v i s i b l e  
d e n s i t y ) , i t  was f e l t  t h a t  t h i s  same u n i t  o f  m easu rem en t co u ld  be 
used to  s u b s t i t u t e  f o r  g ro u p  s i z e .  V is ib le  d e n s i ty  (being  e i t h e r  
e q u a l to  o r l e s s  th a n  o v e r a l l  d e n s i ty )  was t h e r e f o r e  a minimum
flo ck  s iz e /d e n s i ty  having no e f f e c t  on co rp o ra te  v ig ila n c e ) , ra th e r
_
than p roduc tion  o f sp u rio u s  re la t io n s h ip s  where none e x i s t  (Sokal & 
Rohlf 1981).
E stim a tes  o f co rp o ra te  v ig i la n c e  were ob ta ined  by s u b s t i tu t in g  
v a lu es  fo r  and n from th e  one m inute fo c a l b ird  o b serv a tio n s  in to  
e q u a tio n  (1) (V  ^ b e in g  e q u a l  to  V ig ila n c e  Timey^^^ and n ta k e n  a s  
v is ib le  d e n s ity ) . An assum ption  o f  th e  e s tim a tio n  i s  th a t  a l l  b ird s  
in  the  group a re  e q u a lly  v ig i l a n t ;  t h i s  i s  le s s  l ik e ly  to  be tru e  in  
a  m ixed-species f lo c k , and so th e  an a ly ses  were r e s t r i c te d  to  cases 
where the  o n ly  v is ib le  b ird s  w ith in  10m were c o n sp e c if ic s . H ab ita t 
v i s i b i l i t y  was ru le d  o u t as  a confounding v a r ia b le  by only inc lud ing  
c a s e s  w h e re  t h e  f o c a l  b i r d  h ad  an  u n r e s t r i c t e d  v ie w  o f  i t s  
su rroundings.
R esu lts
In  b o th  s p e c ie s  th e  o v e r a l l  t r e n d  i s  fo r  an in c re a s e  in  
c o rp o ra te  v ig i l a n c e  w ith  v i s i b l e  d e n s i ty  (F ig . 5 .14), S in g le  b i r d s  
spend le s s  than  30% of th e i r  tim e  v ig i la n t ,  w hereas when surrounded 
by o v er t h i r t y  c o n s p e c i f i c s  t h e r e  i s  a t  l e a s t  one o f  th e  g ro u p  
v i g i l a n t  f o r  o v e r 75% o f  th e  t im e . T h is  t r e n d  i s  e v id e n t  even ov er 
th e  ran g e  o f  from  z e ro  to  te n  b i r d s  w i th in  10m. I t  i s  t h e r e f o r e  
u n l ik e ly  to  be due to  th e  p resu m ed  in c r e a s e  in  i n t r a s p e c i f i c  
v ig i l a n c e  w hich  may p o s s ib ly  o c c u r  a t  h ig h e r  d e n s i t i e s  ( s e c t io n  
5 .2 .3 ) .
The s t a t i s t i c a l  s ig n if ic a n c e  o f th e  tren d s  cannot be te s te d ,  as 
th e  two axes a re  n o t t r u ly  independent (the value fo r  v is ib le  d e n s ity  
b e in g  used  in  th e  e q u a t io n  to  g e n e r a te  th e  e s t i m a te  o f c o rp o ra te  
v ig i la n c e ) .  H ow ever, th e  t r e n d s  o b se rv e d  a r e  n o t  due p u re ly  to  t h i s  
in te rd e p e n d e n c e  o f  x and y ; i f  in d iv id u a l  v ig i l a n c e  ( th e  o th e r  
v a r i a b le  u sed  in  th e  e s t i m a t i o n  o f  c o rp o ra te  v ig i la n c e )  was h e ld  
c o n s ta n t ,  c o r p o r a te  v ig i l a n c e  w ould  in c r e a s e  f a r  m ore s w i f t l y  a s
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F ig .5.14. The c a l c u l a t e d  c o r p o r a te  v ig i la n c e  (i.e . th e  percen tage  o f 
tim e a t  l e a s t  one b ird  was v ig i la n t)  o f (a) tu rn s to n e s  and (b) pu rp le  
s a n d p ip e rs  in  c o n s p e c i f ic  f lo c k s  ( r e p re s e n te d  a s  means S.E, w ith  
sam ple  s i z e s ) .  A lso  shown a re  th e  r e l a t i o n s h i p s  e x p ec te d  i f  
in d iv id u a l  v ig i la n c e  rem a in ed  c o n s ta n t  a t  th e  l e v e l  o f  a s o l i t a r y  
b ird  (curves), and i f  co rp o ra te  v ig ila n c e  rem ained c o n stan t (dashed 
l i n e s ) .
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v i s i b l e  d e n s i t y  i n c r e a s e d  (F ig .  5 ,1 4 ) , T hus th e  o b s e r v e d  
re la t io n s h ip s  between v i s ib le  d e n s i ty  and v ig ila n c e  a re  in te rm e d ia te  
be tw een  th e  e x tre m e s  o f  (1) in d iv id u a l  v ig i l a n c e  h e ld  c o n s ta n t  
r e g a r d le s s  o f  f lo c k  d e n s i t y  ( th e  c u rv e s  in  F ig . 5 .14), and (2) 
in d iv id u a l  v ig i l a n c e  red u ced  w i th  in c re as in g  d e n s ity  to  the  e x te n t 
th a t  co rp o ra te  (flock) v ig ila n c e  rem ains co n sta n t (Fig. 5.14, dashed
I':
l i n e s ) . 
D iscussion IAs f lo c k  d e n s i ty  in c r e a s e s ,  tu r n s to n e s  and p u rp le  s a n d p ip e r s  
a d ju s t  th e i r  v ig ila n c e  so a s  to  g a in  two advantages: an in c rease  in  
the  p ro p o rtio n  o f tim e  a v a ila b le  fo r  feeding (se c tio n  5.2.2), and an 
in c rease  in  th e  combined v ig i la n c e  o f  th e  flo ck . In c reased  co rp o ra te
v ig i la n c e  w i l l  le a d  to  an in c r e a s e d  p r o b a b i l i t y  o f  an a p p ro a ch in g
v;i
p re d a to r  b e in g  d e te c te d  by a member o f  th e  f lo c k ,  an id e a  f i r s t  
th e o r e t ic a l ly  s ta te d  by P u lliam  (1973) and l a t e r  developed by P u lliam  
e t  a l . (1982) an d  L en d rem  (1 9 8 2 ,1 9 8 4 b ) . A lth o u g h  t h e r e  a r e  
d i f f e r e n c e s  b e tw een  th e  m od e ls  o f  P u ll ia m  e t  a l .  and Lendrem (th e  
form er making th e  ra th e r  r e s t r i c t i n g  assum ption th a t  scan d u ra tio n  i s  
unaffec ted  by group s iz e ) ,  bo th  show th a t  th e  in c reased  p ro b a b il i ty  
o f d e te c tio n  a r i s e s  from th e  in c reased  lik e lih o o d  th a t  a flo ck  member 
w i l l  commence sc a n n in g  b e f o r e  th e  p re d a to r  h a s  t im e  to  make an 
undetected  approach. S tu d ies  bo th  in  la b o ra to ry  (Powell 1974, Lazarus 
1979) and s e m i - n a t u r a l  (Kenward 1978) c o n d i t io n s  have shown t h a t  
la rg e  f lo c k s  d e te c t  p re d a to rs  e a r l i e r  (or a t  g re a te r  d is tan ces) th an  
do sm all f lo c k s  or s o l i t a r y  b ird s ;  th e  l a t t e r  s tudy  a lso  showed th a t  
i t  was l a r g e l y  th e  e le m e n t o f  s u r p r i s e  t h a t  d e te rm in e d  w h e th er a 
goshaw k 's (A c c ip i te r  g e n t i l i s )  a t t a c k  on a w oodpigeon (Columba 
palumbus) f lo c k  was s u c c e s s fu l . The r e s u l t i n g  in v e r s e  r e l a t i o n s h i p  
betw een  a t ta c k e d  f lo c k  s i z e  and s u c c e s s  r a t e  was s i m i l a r  to  t h a t
146
found by Page & W hitacre (1975), who found th a t  a  fem a le m e r lin  was
v u ln e r a b l e ) , th e  h u n tin g  m ethod em ployed by th e  p r e d a to r  makes i t  
l i k e l y  t h a t  th e  d e t e c t io n  d i s t a n c e  was c r u c i a l  in  d e c id in g  th e  
outcome o f an a tta c k .  As d iscu ssed  e a r l i e r  (sec tio n  5.1,3), m e rlin s
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more su c c e ss fu l in  a t ta c k s  on s o l i t a r y  b ird s  than  on flo ck s  o f up to
f i f t y .  A lth o u g h  th e  p o s s i b i l i t y  c an n o t be ru le d  o u t  t h a t  s o l i t a r y  
b i r d s  w ere m ore l i k e l y  to  be th o s e  t h a t  w ere s ic k  (and hence more
use  a f a s t  low  g l i d e  to  ap p ro a ch  t a r g e t s  on th e  g ro u n d , a im ing  to  
reach prey  befo re  they  have tim e  to  re a c t. The o b serv a tio n s  o f Page &
W hitacre (1975) su ggest t h a t  once sh o reb ird s  have taken  to  the  a i r ,  
t h e i r  ch an ces  o f  s u r v iv in g  a m e r l in  a t t a c k  a re  g r e a t  ( th e  r a p to r
■f a i l i n g  in  a l l  82 a t t a c k s  on s a n d p ip e r s  in  f l i g h t ,  com pared to  
success r a te s  o f between 6.9 and 25,6% (depending on f lo c k  size) when 
i n i t i a t i n g  a t t a c k s  a t  b i r d s  o f  th e  same s p e c ie s  on th e  g round). I t  
th e re fo re  becomes im p era tiv e  fo r  ground-feeding sh o re b ird s  to  d e te c t  
an approaching p re d a to r a s  soon as  p o ss ib le .
II
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CHAPTER SIX -  FLOCKING AND ITS REGULATION
The p rev ious two c h ap te rs  have dem onstrated  th a t  th e  m agnitude 
o f bo th  th e  c o s ts  and b e n e f i ts  o f flo ck in g  in  tu rn s to n e s  and p u rp le  
sandp ipe rs  changes w ith  f lo c k  d e n s ity . By in c re a s in g  th e i r  d e n s ity , 
b o th  s p e c ie s  g a in  tim e  from  a red u ced  com m itm ent to  v ig i la n c e  
(Chapter 5); however, t h i s  b e n e f i t  to  each in d iv id u a l may be o f f s e t  
by th e  c o s t  o f  a g g r e s s io n ,  w hich in c r e a s e s  w ith  f lo c k  d e n s i ty  
(C hap ter 4). T h e re fo re  th e  o p tim a l d e n s i ty  i s  l i k e l y  to  be a 
com prom ise b e tw een  th e s e  c o n f l i c t i n g  t r e n d s .  B ird s  a t  v e ry  low 
d e n s i t i e s  in c u r  th e  c o s t  o f  e x c e s s iv e ly  h ig h  r a t e s  o f  v ig i la n c e ;  
however, by on ly  in c re a s in g  th e i r  d e n s ity  a l i t t l e ,  t h i s  a l lo c a tio n  
o f  tim e  to  v ig i l a n c e  i s  much red u ced . F u r th e r  in c r e a s e s  in  d e n s i ty  
c au se  l i t t l e  f u r t h e r  change in  v ig i l a n c e ,  w h e rea s  th e  c o s t s  o f 
ag g ress io n  con tinue  to  r i s e .
C araco  & P u l l ia m  (1980) have su g g e s te d  t h a t  f lo c k  s i z e  sh o u ld  
in c rease  as long a s  th e  tim e  gained from reduced v ig ila n c e  i s  g re a te r  
than  th e  tim e l o s t  through aggression . In  o th e r w ords, th e  on ly  c o s t 
o f  b e in g  in  a l a r g e  f lo c k ,  o r a t  h ig h  d e n s i t i e s  ( th e  two b e in g  
c lo s e ly  r e la te d ) ,  i s  th e  tim e sp en t in  a c tu a l  agg ress io n . While th i s  
approach produces q u a n t i f ia b le  p re d ic tio n s  about o p tim al group s iz e s , 
i t  makes th e  somewhat u n r e a l i s t i c  assum ption th a t  th e  r a te  o f in tak e  
p e r  u n i t  t im e  s p e n t  in  a c tu a l  fe e d in g  i s  c o n s ta n t ,  r e g a r d le s s  o f  
f lo ck  s iz e  o r d e n s ity . Thus no allow ance i s  made fo r th e  phenomenon 
o f  i n t e r f e r e n c e ,  w here  h ig h  f lo c k  d e n s i t i e s  can  re d u c e  th e  fe e d in g  
e f f ic ie n c y  o f an in d iv id u a l even i f  no a c tu a l  ag g ress io n  tak es  p lace . 
As in t e r f e r e n c e  h a s  been  found to  be an im p o r ta n t  f a c to r  in  
in flu en c in g  th e  feed in g  r a te s  o f many wader sp e c ie s  (see re fe re n ce s  
in  C h ap te r 4 ) , i t  c an  be assum ed t h a t ,  w h ile  th e  t im e  s p e n t  in  
a g g re s s io n  i s  an  i n d i c a t o r  o f  th e  e x te n t  to  w hich  th e  p re s e n c e  o f
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Ineighbou ring b ird s  may in f lu en ce  fo rag ing  e f f ic ie n c y , th e  tru e  c o s t 
i s  l i k e l y  to  be  h i g h e r ,  and  so  h ig h  d e n s i t i e s  w i l l  l e a d  to  
s u b s ta n t ia l  red u c tio n s  in  fo rag ing  e f f ic ie n c y .
For in s t a n c e ,  th e  a v e ra g e  b i r d  in  a good v i s i b i l i t y  h a b i t a t  i
sh o u ld  seek  to  re m a in  a t  d e n s i t i e s  o f  n o t l e s s  th a n  fo u r  v i s i b l e  
c o n s p e c i f ic s  w i th in  a 10 m r a d iu s  {so a s  to  m in im ise  i t s  v ig i l a n c e  
r a t e ) ,  w h ile  a t  th e  same tim e  i t  sh o u ld  be a t te m p t in g  to  rem a in  in
a r e a s  o f  m in im a l d e n s i t y  (to  red u c e  th e  c o s t s  o f  a g g re s s io n  and
:in te r fe re n c e ) . T his would su ggest th a t  the  o p tim a l f lo c k  d e n s ity  in  
th i s  s i tu a t io n  should l i e  in  th e  reg ion  o f fou r v i s ib le  c o n sp e c if ic s  
w i th in  10 m. T h is  may n o t  be th e  c a s e ,  how ev er, in  poo r v i s i b i l i t y
h a b i ta ts ,  a s  in d iv id u a l v ig ila n c e  must be g re a te r  (Chapter 5), and a 
g re a te r  p ro p o r tio n  o f neighbouring flockm ates w i l l  n o t be v i s ib le ,  so 
n e c e s s i ta t in g  a h ig h er o v e ra l l  d e n s ity  fo r  a g iven  v i s ib le  d e n s ity .
I t  sh o u ld  t h e r e f o r e  be th e  c a se  t h a t  tu r n s to n e s  and p u rp le  
s a n d p ip e r s  a t te m p t  to  r e g u la t e  t h e i r  f lo c k in g  b e h a v io u r  so  a s  to  
ap p ro ach  th e  p r e d ic te d  optim um . A f a c to r  w hich  co u ld  p re v e n t
d e n s i t ie s  from s t a b i l i s i n g  a t  an optimum i s  th e  t i d a l  cy c le , which 
en fo rces  an in c re a se  in  flo ck  d e n s i t ie s  over th e  h igh  t id e  p e rio d , A 
second c o m p lic a t io n  i s  t h a t  a  s i g n i f i c a n t  p r o p o r t io n  o f  th e  t o t a l  
w ader d e n s i ty  a ro u n d  p u rp le  s a n d p ip e rs  and tu rn s to n e s  i s  ty p ic a l ly  
com posed o f  o th e r  s p e c ie s ,  w hich  may have an optim um  d i s p e r s io n  
d i f f e r e n t  to  t h a t  o f  th e  s tu d y  s p e c ie s .  T h is  c o u ld  a l s o  th e r e f o r e  
a f f e c t  th e  l ik e l ih o o d  o f  b i r d s  o f  any s p e c ie s  a t t a i n i n g  an o p t im a l  
d e n sity . However, s in c e  in te r s p e c i f ic  ag g ress io n  (and hence probab ly  
c o m p e tit io n )  was lo w er th a n  i n t r a s p e c i f i c  (C h ap ter 4 ) , i t  m ig h t be 
expected th a t  both  sp ec ie s  should seek o u t those  h e te ro s p e c if ic s  w ith  
which they  share  v ig ila n c e  (Chapter 5) in  p re fe re n ce  to  c o n sp e c if ic s , 
as they  would th u s  g a in  the  a n ti-p re d a to r  advantages o f f lo ck in g  w ith  
reduced fo rag in g  c o s ts  (Powell 1974, Morse 1977).
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Such p o l y s p e c i f i c  a s s o c i a t i o n s  may o f  c o u rs e  a r i s e  by ch an ce , 
th ro u g h  th e  m u tu a l  s e l e c t i o n  by d i f f e r e n t  s p e c ie s  fo r  th e  same 
h a b i t a t  o r food  p a tc h  (W aser 1982), H ence, a l th o u g h  S tin s o n  (1980) 
showed th a t  many sp e c ie s  o f  wader (inc lud ing  tu rn s to n es) tended to  be 
found in  p o l y s p e c i f i c  g ro u p s , t h i s  a lo n e  p ro v ed  n o th in g  ab o u t th e  
fu n c tio n a l  b a s is  fo r  such aggregations . However, more d i r e c t  evidence 
fo r p o s i t iv e  a s s o c ia t io n s  would be ob ta ined  i f  i t  could  be shown th a t  
one s p e c ie s  m o d if ie d  i t s  d i s p e r s io n  in  re sp o n se  to  changes in  th e  
d i s p e r s io n  o f  a n o th e r .  Thus th e  s i t u a t i o n  h e re  may be one o f  f lu x ,  
w ith  th e  p re d ic t io n  th a t  both  tu rn s to n e s  and p u rp le  sandp ipers  should 
be c o n t in u a l ly  a l t e r i n g  t h e i r  d i s p e r s io n  in  an a d a p t iv e  m anner, to  
co m p en sa te  f o r  ch an g es  in  th e  d e n s i ty  o f  o th e r  s p e c ie s  (or fo r  
changes in  th e  e x te n t  o f a v a ila b le  fo rag ing  a re a ). T his i s  th e re fo re  
analogous to  th e  E q u ilib riu m  Flock S ize (EPS) o f  Krebs (1974), which 
i s  p o s tu l a t e d  to  be th e  s i z e  a t  w hich a f lo c k  may be m a in ta in e d  by 
dynamic e q u ilib riu m ; th e  eq u ilib riu m  r e s u l t s  from th e  d e c is io n s  o f
in d iv id u a l members on w hether to  jo in  or leav e  th e  f lo c k , made on th e '1
b a s i s  o f  t h e i r  fo r a g in g  s u c c e s s .  A lthough  f lo c k s  have in d eed  been
'
found to  s t a b i l i s e  a t  an e q u i l ib r iu m  s i z e  in  s p e c ie s  a s  d iv e r s e  a s
g r e a t  b lu e  h e ro n s  A rdea h e ro d ia s  (Krebs 1974), house sp a rro w s
“
(B arnard  1980b) and la p w in g s  (B arnard  e t  a l .  1982), th e r e  a r e
t h e o r e t i c a l  re a s o n s  to  s u g g e s t  t h a t  th e  EPS may be l a r g e r  th a n  th e  
s iz e  which m axim ises in d iv id u a l n e t b e n e f it  ( i.e . th e  optimum), s in ce  
incom ing  in d iv id u a l s  w i l l  te n d  to  g a in  m ore from  jo in in g  a f lo c k
a l r e a d y  a t  (or s l i g h t l y  above) th e  optim um  s i z e  th a n  from  fe e d in g'
a lo n e ; th u s  th e  f lo c k  w i l l  a lw ay s  te n d  to  in c r e a s e  away from  i t s  
o p t im a l  s i z e  (S ib ly  1983, see  a l s o  P u ll ia m  & C araco  1984). H ow ever, 
th e  m a in ta in in g  by p u r p le  s a n d p ip e rs  and tu r n s to n e s  o f  an o p tim a l
d e n s ity  i s  more p la u s ib le ,  as each in d iv id u a l has a  g re a te r  a b i l i t y
■.
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to  a l t e r  i t s  surrounding  d e n s ity  than  i t  has to  a l t e r  i t s  group s iz e .
T h is  c h a p te r  w i l l  t h e r e f o r e  exam ine th e  e x te n t  o f  f lo c k in g  in  
tu rn s to n e s  and p u rp le  san d p ip e rs , in  o rder to  t e s t  whether th e re  was 
any e v id e n c e  t h a t  th e  b i r d s  a t te m p te d  to  r e g u la te  th e  d e n s i ty  and 
c o m p o s i t io n  o f  f lo c k s .  As su g g e s te d  above, in  open h a b i t a t s  f lo c k  
d e n s i t y  sh o u ld  te n d  to w a rd s  th e  p r e d ic te d  o p t im a l  d e n s i ty  o f  fo u r  
v i s ib le  c o n sp e c if ic s  w ith in  10 m. A fu r th e r  a sp e c t to  be s tu d ie d  i s  
th e  mechanism o f how flo c k  d e n s ity  i s  m ain tained . Most tu rn s  tone and 
p u rp le  s a n d p ip e r  f lo c k s  a r e  m o b ile , and so  fo r  b i r d s  to  m a in ta in  a 
g iv e n  f lo c k  d e n s i ty  r e q u i r e s  t h a t  t h e i r  p a t t e r n s  o f  movement a re  
in flu en ced  by the  p o s i t io n  and movement o f th e i r  neighbours. W hile in  
many s i tu a t io n s  an im als adopt a movement s t r a te g y  th a t  maximises the  
e f f ic ie n c y  o f sea rch in g  fo r  food (e.g. Sm ith 1974a,b, M etcalfe 1985), 
and w h ile  th e  same approach can be ap p lied  to  th e  movement o f a b ird  
f lo c k  a s  a  w hole (Cody 1971), th e  s e a rc h in g  s t r a t e g i e s  o f  b i r d s  
w ith in  t h a t  f lo ck  must in  a d d itio n  be s e n s i t iv e  to  th e  behaviour o f 
o th e r  f lo c k  m em bers. P re v io u s  work on th e  s e a rc h  p a th s  o f  b i r d s  
w ith in  f lo c k s  (e.g. G oss-C ustard 1970, Sm ith 1977) has concen tra ted  
on th e  tu r n in g  r a t e  o f  i n d iv id u a l s ,  w i th  a  te n d e n c y  to  ig n o re  th e  
in flu en c e  o f th e  p o s it io n  o f neighbouring b ird s  on th e  d ire c t io n  in  
which tu rn s  a re  made. Thus b ird s  th a t  s t r a y  tow ards th e  the  edges of 
a f lo c k  m u st show a  te n d e n c y  to  tu r n  back  i f  th e y  a r e  to  rem a in  
w i th in  i t ,  and th e  s t r e n g th  o f  t h i s  ten d en c y  w i l l  gov ern  th e  
c o h e s iv e n e s s  o f  th e  f lo c k .  I t  can  th e r e f o r e  be p r e d ic te d  t h a t  th e  
p o s i t i o n  o f  n e ig h b o u rin g  b i r d s  sh o u ld  have a g r e a t e r  in f lu e n c e  on 
in d iv id u a l search  p a th s  in  a re a s  o f low v i s i b l i t y ,  where th e  b e n e f i ts  
o f  f lo c k  cohesion a re  g re a te s t .
One f in a l  a sp e c t to  be considered  in  t h i s  ch ap te r i s  the  e f f e c t  
o f  s o c i a l  ran k  on th e  s e a rc h  p a th s  o f  in d iv id u a l s .  O th er s tu d ie s  o f  
g ro u p -liv in g  sp e c ie s  have found th a t  an in d iv id u a l 's  s p a t i a l  lo c a tio n
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w ith in  a group may in  p a r t  be determ ined by dominance rank . The most
'-I
commonly found s i tu a t io n  i s  th a t  su b o rd in a tes  tend to  be lo ca ted  on 
th e  p e r ip h e r y  (as fo u n d , f o r  in s ta n c e ,  in  wood p ig e o n s  Columba 
palum bus (M urton e t  a l .  1971), f e r a l  p ig e o n s  (M urton e t  a l .  1972),
wedge-capped Capuchin monkeys Cebus n ig r i v i t t a tu s  (Robinson 1981) and''
to q u e  monkeys M acaca s . s i n i c a  (D it tu s  1977). An a n im a l 's  s p a t i a l  
p o s i t io n  w ith in  a group may have im portan t f i t n e s s  consequences, as 
p e r ip h e r a l  in d iv id u a l s  may be fo rc e d  to  be more v i g i l a n t  (L azarus 
1978, Jenn ings & Evans 1980), p o ss ib ly  s u ffe r in g  a h igher p red a tio n  
r is k  through an in c reased  domain o f  danger (Hamilton 1971). They may
a lso  be denied access  to  a lo c a l is e d  food sou rce, or s u f fe r  a reduced 
fo ra g in g  e f f i c i e n c y  th ro u g h  b e in g  fo rc e d  to  keep  o u t  o f  th e  way o f  
dom inants (Murton e t  a l .  1971). The p o s it io n  o f in d iv id u a ls  w ith in  a 
group was d i f f i c u l t  to  measure in  tu rn s to n e s  and p u rp le  san d p ip ers , 
due to  th e  f r e q u e n t  la c k  o f  a d i s t i n c t  g ro u p  boundary  (as d is c u s s e d  
in  C h ap te r  1). H ow ever, i t  was p o s s ib le  to  m easu re  th e  movement 
p a t te rn s  w ith in  f lo c k s  o f b ird s  o f d i f f e r e n t  rank , which would shed 
l i g h t  on w h e th e r th e  dom inance  h ie r a r c h y  had any e f f e c t  on th e  
g en era l s p a t i a l  s t ru c tu re  o f flo c k s .
6 .1  Methods
Feeding f lo c k s  were lo c a ted  o p p o r tu n is t ic a l ly , as d e sc rib ed  in  
C h ap te r 1. M easurem ents  w ere  made o f  f lo c k  d e n s i ty  and o f  th e  
v i s i b i l i t y  o f  th e  h a b i t a t  in  w hich  each  f lo c k  was fe e d in g , w ith  a t  
le a s t  one hour between su cce ss iv e  measurements in  th e  same a rea . The 
d e n s ity  (both o v e ra l l  and v i s ib le ,  as d e fined  in  S ec tio n  4.1) o f each 
sp ec ie s  was recorded  as one o f  th e  fo llo w in g  c a te g o r ie s : 0, 1, 2, 3 - 
5, 6-10, 11-15, 16-20, 21-30, 31-40, 41+ b ird s  e s tim a te d  to  be w ith in  
10 m o f  a s in g le  tu r n s to n e  o r  p u rp le  s a n d p ip e r  s e l e c te d  a t  random
from  each  f lo c k .  The v i s i b i l i t y  ex p e rien c e d  by th i s  re p re se n ta tiv e
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fo r  th e  f lo c k  was a l s o  n o te d , u s in g  th e  same s c o r in g  m ethod a s  
d e s c r ib e d  in  5 .1 .1 . The s t a t e  o f  th e  t i d e  was re c o rd e d  a s  th e  tim e  
( in  m in u te s )  s in c e  th e  p re v io u s  h ig h  w a te r .  The c y c l i c a l  n a tu re  o f
was d iv id e d  in to  w in t e r -  and s p r in g - d e n s i ty  p e r io d s ,  w ith  th e  
d iv id in g  d a te  b e in g  s e l e c t e d  a r b i t r a r i l y :  o b s e r v a t io n s  and c o u n ts  
made on or a f te r  A p ril  16th each sp rin g  were included  in  th e  sp r in g -
■Îth e  t id e  produced changes in  flo ck in g  behaviour th a t  were v i r t u a l ly  
sym m etrical e i th e r  s id e  o f h igh  and low w ater. T herefore  fo r  c e r ta in  
a n a ly s e s  d a ta  c o l l e c t e d  on th e  f a l l i n g  and th e  r i s i n g  t i d e  w ere 
combined, by con v ertin g  t id e  tim e to  a new v a r ia b le , tim e from (i.e . 
b e fo re  o r since) low w ater.
One s e c t io n  o f  th e  s tu d y  a r e a  was s e l e c te d  fo r  more d e t a i l e d  
a n a ly s e s  o f  th e  d y n am ics  o f  tu r n s to n e  f lo c k in g .  The m u sse lb e d s  and 
p o o ls  o f  C o a l r u f f i e  (see  C h ap te r 1, F ig .1.1) a re  a r e l a t i v e l y  s m a ll  
and d is c r e te  a re a  o f h a b i ta t  w ith  good observer access  and no reg io n s  
o f  poor v i s i b i l i t y ,  so  a l lo w in g  c o m p le te  c e n s u s in g , C o a l r u f f ie  
supported  a s ta b le  p o p u la tio n  o f tu rn s to n e s , a lthough  the  number o f 
p u rp le  s a n d p ip e r s  f l u c t u a t e d  g r e a t l y  from  day to  day (C hap ter 2, 
Fig.2.8). The e f f e c t  o f  t i d a l  s t a t e  on th e  p o p u la tio n s  o f tu rn s to n e s  
and o th e r  waders a t  C o a lru ff ie  was assessed  by making com plete counts 
o f  th e  a r e a  d u r in g  th e  e x p o su re  p e r io d .  T hese c o u n ts  w ere made on 
num erous d ay s  d u r in g  th e  w in te r ,  w ith  n ev er more th a n  fo u r  c o u n ts  
(separa ted  by a t  l e a s t  30 mins) made per day.
In  th e  sp rin g , redshanks and o y s te rc a tc h e rs  (the most abundant 
o f th e  o th e r wader sp ec ie s) m igrated  to  th e i r  b reed ing  grounds b e fo re  
th e  tu r n s to n e s  o r p u rp le  s a n d p ip e r s .  T h is  r e s u l t e d  in  a p e r io d  o f 
about a  month when th e  tu rn s to n e s  and p u rp le  sandp ipers  were s t i l l  
p r e s e n t  b u t  th e  re d sh an k  and o y s te r c a tc h e r  d e n s i t i e s  w ere much 
reduced. T herefo re , when an a ly sin g  f lo ck  d e n s i t ie s ,  the  f i e ld  season
■ ,4;
■
■: 
■153
d e n s i t y  p e r io d ,  when red sh an k  and o y s te r c a tc h e r  d e n s i t i e s  w ere on 
average much low er. A s im ila r  s i tu a t io n  d id  n o t a r is e  in  th e  autumn 
o b s e r v a t io n s ,  a s  f i e l d  work d id  n o t commence u n t i l  a f t e r  th e  g r e a t  
m a jo rity  o f b ird s  were e s ta b lis h e d  in  th e i r  w in te rin g  q u a r te rs , and 
th e re  i s  a lso  no p e rio d  when tu rn s to n e s  a re  p re s e n t b u t no t redshanks 
or o y s te rcachers .
The e a r l i e r  s p r in g  d e p a r tu r e  o f  re d sh a n k s  and o y s te r c a tc h e r s  
p ro v id e d  a n a tu r a l  e x p e r im e n t to  t e s t  th e  e f f e c t  o f  re d u c in g  
h e te ro s p e c if ic  d e n s i t ie s  on th e  flock ing  behaviour o f tu rn s to n es . A 
second experim ent, w ith  a more m an ipu la tive  approach, was designed to  
t e s t  w hether tu rn s to n e s  would respond over th e  s h o r t  term  to  sudden 
a l t e r a t i o n s  in  t h e  d e n s i t i e s  o f  t h e s e  o t h e r  s p e c i e s .  B o th  
o y s te rc a tc h e rs  and redshanks a re  more wary than  tu rn s to n e s , and so 
tend  to  tak e  f l i g h t  more r e a d i ly  when approached by a person on fo o t. 
The b ird s  a t  C o a lru ff ie  were q u ite  o fte n  d is tu rb e d  by people d igging  
f o r  b a i t  o r ex am in in g  ro ck  p o o ls ,  and would q u ic k ly  resum e fe e d in g  
once th e  d is tu r b a n c e  had p a sse d . W alking o v e r th e  m u sse lb ed s  o f 
C o a lru ff ie  would cause b ird s  to  f ly ,  a t  f i r s t  u su a lly  to  ano ther p a r t  
o f  th e  m u sse lb ed ; i f  ap p ro ach ed  a g a in , th e y  w ould o f te n  le a v e  th e  
a r e a  c o m p le te ly . By c a r e f u l l y  c o n t r o l l i n g  th e  d i s t a n c e s  to  w hich I  
ap p ro ach ed  m ix e d -s p e c ie s  fe e d in g  f lo c k s ,  i t  was th u s  p o s s ib le  to  
e i t h e r  (a) d i s t u r b  a l l  b i r d s ,  c a u s in g  them  to  f l y  b u t  n o t  le a v e  
C o a l r u f f i e ,  o r (b) d i s t u r b  them , c a u s in g  a p r o p o r t io n  o f th e  
re d sh a n k s  and o y s t e r c a t c h e r s  to  l e a v e  C o a l r u f f i e .  The f i r s t  
a l t e r n a t i v e  th e re b y  c o n s t i t u t e d  a c o n t r o l  fo r  th e  second, rem oval, 
e x p e r im e n t ,  to  check  th e  p o s s i b i l i t y  t h a t  any a l t e r a t i o n s  in  
tu r n s to n e  f lo c k in g  b e h a v io u r  w ere caused  by th e  d is tu rb an ce  per se 
r a th e r  than  by the  r e s u l t in g  a l t e r a t io n s  in  sp e c ie s  d e n s i t ie s .
The removal and c o n tro l d is tu rb an ce  experim en ts were c a r r ie d  o u t 
a s  fo l lo w s .  F i r s t l y ,  p r e - d i s tu r b a n c e  c o u n ts  w ere made o f  a l l
154
'i
t u r n s to n e s ,  p u rp le  s a n d p ip e r s ,  re d sh an k s  and o y s te r c a tc h e r s  a t
p a th  was v is u a l is e d  a s  a  sequence o f  s t r a ig h t  l i n e s ,  along which the  
tu rn s to n e  moved, ta k in g  th re e  seconds to  cover each sec tio n . Changes
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C o a l r u f f i e .  (The o n ly  o th e r  w aders  p r e s e n t  w ere o c c a s io n a l  s in g le  
curlew s.) Ihen  both  o v e ra l l  and v is ib le  d e n s i t ie s  were measured, as 
above, f o r  each  tu r n s to n e .  Ten m in u te s  l a t e r ,  I  w alked  from  th e  
o b se rv a tio n  v e h ic le  down onto  the  m usselbed, and d is tu rb e d  b ird s  (by 
w alking tow ards them) u n t i l  they  had a l l  been caused to  f ly ,  and, in  
th e  case  o f removal experim en ts, a t  l e a s t  h a l f  o f  th e  o y s te rc a tc h e rs  
and re d sh a n k s  had c o m p le te ly  l e f t  C o a l r u f f i e ,  T h is  would ta k e  
approx im ate ly  te n  m inutes. I  would then  re tu rn  to  th e  v e h ic le , count 
th e  number o f  b i r d s  re m a in in g , and a g a in  m easu re  d e n s i t i e s  a round
each  tu r n s to n e  10, 20, 30 and 40 m in u te s  a f t e r  th e  end o f  th e  
d i s tu r b a n c e .  A second  c o m p le te  c o u n t o f  th e  fo u r  s p e c ie s  was made 
a p p ro x im a te ly  35 m in u te s  a f t e r  th e  d i s tu r b a n c e ,  to  check  t h a t  th e  
p o p u la tio n s  were rem ain ing  s ta b le .  A ll experim en ts were c a r r ie d  o u t 
on th e  f a l l in g  t id e ,  commencing between 215 and 310 m inutes a f t e r  the  
p rev ious h igh  w ater. S ev era l experim ents f a i le d ,  e i th e r  because my 
d is tu r b a n c e  su cceed ed  in  rem oving  tu r n s to n e s  a s  w e l l  a s  o th e r  
s p e c ie s ,  o r b e ca u se  th e  b i r d s  w ere d i s tu r b e d  fo r  a  second  tim e  by 
some o th e r  c au se  p a r tw a y  th ro u g h  th e  e x p e r im e n t. A t o t a l  o f  seven
■t r i a l s  were com pleted su c c e ss fu lly ; four rem ovals (on 6th  March, 29th 
O ctober, 1 s t  and 15th December 1983) and th re e  c o n tro ls  (on 1 s t ,  16th 
and 17th  November 1983).
The c o h e s iv e n e s s  o f  tu r n s to n e  f lo c k s  was i n v e s t ig a te d  by 
s tudy ing  th e  search  p a th s  o f  in d iv id u a l b ird s  on th e  flo ck  periphery .
The b i r d 's  p o s i t io n  was m onitored a t  3-second in te r v a ls  (tim ed w ith  
an e l e c t r o n i c  a u d io  t im e r ) ,  and i t s  p a th  s i m p l i f i e d  by assu m in g  i t  
had moved d i r e c t l y  b e tw een  th e s e  3 -se co n d  l o c i  (F ig .6. l a ) .  Thus th e
in  d i r e c t i o n  c o u ld  th u s  be r e l a t e d  to  th e  g e n e r a l  d i r e c t i o n  o f  
movement th re e  seconds e a r l i e r .  The 360° around th e  b ird  was d iv ided  
in to  s ix  60° s e c to rs ,  so th a t  a t  th e  end o f  each 3-second p eriod  the  
b ird  was recorded as  having moved e i th e r  Forward, L e ft, R ight, Back- 
L e ft, Back-Right or Backward w ith  re sp e c t to  i t s  p rev ious d ire c t io n  
o f movement (Fig.6.1b). In  summary, a b ird 's  movement was recorded as 
a s e r ie s  o f d ire c t io n  headings (e.g. F-L-R-BL-F-, where F s tan d s  fo r 
Forward e tc .) ,  each w ith  re s p e c t to  th e  b i rd 's  d ir e c t io n  o f movement 
du ring  th e  p rev ious th re e  seconds.
T h is  was th e n  r e l a t e d  to  th e  s e c to r s  w hich  c o n ta in e d  o th e r  
b i r d s .  A n o te  was made e v e ry  th r e e  seco n d s  o f  th e  s e c to r s  w i th in  
which was found ano ther tu rn s to n e  le s s  than  10 m from the  fo c a l b ird . 
Thus th e  c o m p le te  re c o rd  w ould be: F(L3)-L(F3)-R (L4)-B L(R 3)-F(R 4)- 
e t c . ,  w here th e  s e c to r  and d i s t a n c e  ( in  m e tre s )  o f  n e ig h b o u rin g  
tu rn s to n e s  a re  in d ic a te d  in  p a ren th eses. Thus, in  th e  example given 
above, the  fo c a l tu rn s to n e  moves forw ard, w ith  i t s  only  neighbour 3 m 
to  i t s  l e f t ;  th e  f o c a l  b i r d  th e n  moves l e f t ,  r e s u l t i n g  in  th e  
n e ig h b o u r now b e in g  3 m in  f r o n t  o f  i t ,  and so  on. To s im p l i f y  b o th  
d a ta  c o l le c t io n  and a n a ly s is ,  fo c a l b ird s  were s e le c te d  th a t  were on 
th e  p e r ip h e r y  o f  f lo c k s ,  so  t h a t  o n ly  one s e c to r  was o ccu p ied  by 
neighbours a t  any one tim e.
Three s i tu a t io n s  were compared:
(1) T u rn s to n e s  fe e d in g  in  m o n o s p e c if ic  f lo c k s  in  h a b i t a t s  w ith  
reduced v i s i b i l i t y ;
(2) T urnstones feed ing  in  m onospecific  f lo c k s  in  h a b i ta ts  w ith  good 
v i s i b i l i t y ;
(3) Turnstones feed ing  in  m ixed-species f lo c k s  in  h a b i ta ts  w ith  good 
v i s i b i l i t y ,  w ith  a t  l e a s t  one o th e r  s e c to r  o ccu p ied  by a n o th e r  
s p e c ie s  ( i .e .  p u rp le  s a n d p ip e r ,  red sh an k  o r o y s te r c a tc h e r )  in  
a d d itio n  to  th e  se c to r  occupied by a neighbouring tu rn sto n e .
156
*
F ig .6 .1 . The method used to  record  search  p a th s .
(a) The pa th  o f th e  b ird  (dotted  lin e ) i s  s im p lif ie d  to  i t s  p o s i t io n  
a t  th re e  second in te r v a ls  (dots) linked  by s t r a ig h t  l in e s .
(b) The movement between th e  th ree -seco n d  m arkers i s  a sc rib e d  to  one 
o f  s ix  p o s s ib le  d i r e c t i o n s  (F orw ard , L e f t ,  R ig h t ,  B a c k - l e f t ,  B ack- 
r i g h t  o r B ack), w ith  r e s p e c t  to  th e  p re v io u s  d i r e c t i o n  o f  movement 
(in d ica ted  by th e  arrow s). In  th i s  example, th e  b ird  moved Forward, 
then L e ft, then  Forward.
(a)
N /
;
The aim was to  de te rm ine  w hether th e  tendency to  move tow ards 
o th e r tu rn s to n e s  (and so m a in ta in  f lo ck  cohesion) was c o r re la te d  w ith  
th e  v ig i l a n c e  b e n e f i t s  t h a t  w ould be g a in e d  from  g r e a t e r  c o h e s io n .
Thus i t  was p re d ic te d  th a t  tu rn s to n e s  in  poor v i s i b i l i t y  a re a s  should 
have a g re a te r  tendency to  move back tow ards o th e r b ird s  than  those  
in  good v i s i b i l i t y  a r e a s ,  and in  th e  l a t t e r  s i t u a t i o n  sh o u ld  show 
even  l e s s  o f  a te n d en c y  to  move to w a rd s  o th e r  tu r n s to n e s  i f  
surrounded by p o te n t ia l  flockm ates o f o th e r  sp ec ie s .
Data were c o lle c te d  by d ic ta t io n  in to  a tap e  reco rd e r , e i th e r  in  
th e  f i e ld  o r during  playback o f  v ideo  f ilm  o f fo rag in g  b ird s . P eriods 
when th e  f o c a l  b i r d  d id  n o t  move f u r t h e r  th a n  i t s  own body le n g th  
d u r in g  th e  3 -seco n d  i n t e r v a l s  w ere d is c a rd e d  from  s u b se q u e n t 
an a ly se s .
■,■■■A second  s e r i e s  o f  o b s e r v a t io n s  was d e s ig n e d  to  t e s t  w h e th er
dom inance s t a t u s  a f f e c t e d  th e  s e a rc h  p a th  o f  a b i r d  when in  
s i tu a t io n s  where th e  o p p o r tu n i tie s  o f p o te n t ia l  k le p to p a ra s itism  were 
g r e a t .  V ideo f i l m s  w ere  made o f  d en se  tu r n s to n e  f lo c k s  w ith  h ig h  
ag g ress io n  r a te s ,  and th e  sea rch  p a th s  o f in d iv id u a l b ird s  recorded 
upon p la y b a c k  o f  th e  f i lm .  C o lo u r - r in g s  c o u ld  n o t  be re a d  from  th e  
f i lm , and so i t  was n o t p o s s ib le  to  a sc r ib e  an independent ranking of 
dom inance s t a t u s  th ro u g h  know ledge o f  a  b i r d 's  i d e n t i t y .  I n s te a d ,
b i r d s  w ere  p ic k e d  a t  random  from  th e  f i l m ,  and t h e i r  b e h av io u r 
m o n ito re d  fo r  a s  lo n g  a s  th e y  rem ain ed  w i th in  th e  f i e l d  o f  v ie w . 
Those b i r d s  seen  to  s u p p la n t  o th e r s  w ere  c l a s s i f i e d  a s  d o m in a n ts , 
th o s e  see n  to  be s u p p la n te d  w ere  te rm ed  s u b o r d in a te s ,  w h ile  th o se  
t h a t  w ere n o t  in v o lv e d  in  any i n t e r a c t i o n s  d u r in g  th e  p e r io d  o f  
o b s e r v a t io n  w ere c l a s s i f i e d  a s  b i r d s  o f  unknown s t a t u s .  Any b i r d s  
see n  b o th  to  s u p p la n t  and a l s o  be s u p p la n te d  w ere  o m it te d  from  th e  
an aly ses. These c l a s s i f i c a t io n s ,  a lthough ra th e r  c rude , would tend to
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s e le c t  th e  most and l e a s t  dom inant b ird s  in  th e  f lo c k s , as th e re  were 
c o n s i s t e n t  and m a jo r d i f f e r e n c e s  b e tw e e n  i n d i v i d u a l s  in  th e  
p ro p o rtio n s  o f encoun ters  won (Chapter 4). The sequence of tu rn s  made 
by th e  fo c a l b ird s  was recorded  as  above; th e  on ly  d iffe re n c e  being 
th e  r e c o rd in g  o f  th e  p o s i t i o n s  o f  n e ig h b o u rin g  b i r d s .  In  th e  d en se  
f lo c k s  film ed  fo r  t h i s  a n a ly s is ,  th e re  was a lm o st always more than  
one s e c to r  o c cu p ie d  by o th e r  tu r n s to n e s .  H ow ever, th e  o n ly  s e c to r  
th a t  was noted was th e  one co n ta in in g  th e  n e a re s t  tu rn sto n e  seen to  
peck  a t  a food  i te m  o r th e  s u b s t r a t e  ( i .e .  th e  ’n e a r e s t  fe e d in g  
neighbour')during  each th re e  seco n d  i n t e r v a l .  The re c o rd in g  o f  such  
d e ta i le d  in fo rm atio n  was made p o ss ib le  by th e  use o f slow -m otion and 
freeze -fram e  video an a ly sin g  equipment.
6 .2  R esu lts
6 .2 .1  Species C onposition  o f  Flocks
The o v e ra l l  sp ec ie s-co m p o sitio n s  o f a l l  exposure-period  feed ing  
f lo c k s  a r e  shown in  F ig u re  6,2. The d a ta  w ere o b ta in e d  from  th e  
d e n s ity  m easurem ents, tak in g  th e  m id -po in t o f each d e n s ity  category . 
They have been  w e ig h te d  a c c o rd in g  to  th e  num ber o f  tu rn s to n e s  (or 
p u rp le  san d p ip e rs , a s  ap p ro p ria te ) in  th e  flo ck . Thus an observation  
o f th e  sp e c ie s -d e n s ity  experienced  by a f lo c k  o f te n  tu rn s to n es  was 
g iv e n  te n  t im e s  th e  w e ig h tin g  o f  an o b s e r v a t io n  o f  th e  s p e c ie s -  
d e n s i ty  e x p e r ie n c e d  by a s i n g l e  t u r n s t o n e .  F ig u r e  6 .2 a  t h u s  
re p re se n ts  th e  sp e c ie s  com position  o f feed ing  f lo c k s  experienced by 
th e  average tu rn s to n e , ra th e r  than  th e  average sp ec ie s  com position o f 
f lo c k s  in  which tu rn s to n e s  were found.
Although th e  range o f  sp e c ie s  w ith  which tu rn s to n e s  and p u rp le  
s a n d p ip e r s  w ere  se e n  to  o c cu r was q u i t e  b ro ad  (13 s p e c ie s  fo r  
tu r n s to n e s ,  11 fo r  p u r p le  s a n d p ip e r s ) ,  few  s p e c ie s  w ere re c o rd e d  
re g u la r ly . On average, approx im ately  one h a l f  o f  th e  b ird s  w ith  which
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F ig .6.2 , The o v e r a l l  s p e c ie s  c o m p o s itio n  (expressed as a percen tage  
o f  th e  t o t a l )  o f  (a) tu r n s to n e  and (b) p u r p le  s a n d p ip e r  e x p o su re -  
period  feeding  f lo c k s , w eighted according to  th e  number o f tu rn s to n e s  
or p u rp le  sandp ipers  p re se n t in  each f lo c k .
Key to  sp ec ie s :
T = tu rn s to n e ; P = p u rp le  sandpiper; 0 -  oys t e r  c a tc h e r ; R = redshank; 
Rp -  r in g e d  p lo v e r ;  Gp = g o ld e n  p lo v e r ;  D = d u n l in ;  C = c u r le w ; B = 
b a r - ta i le d  godw it; G = g u l ls ;  S = s ta r l in g ;  E = e id e r ;  Cr = crow.
The d is t r ib u t io n s  a re  based on 415 tu rn s to n e  and 205 p u rp le  sandpiper 
f lo c k s  re sp e c tiv e ly .
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b o th  tu r n s to n e s  and p u r p le  s a n d p ip e r s  f lo c k e d  w h ile  fe e d in g  w ere 
c o n sp e c if ic s . Ihe  p ro p o r tio n  o f  neighbouring b ird s  being o f a sp ec ie s  
w hich  th e y  't r u s te d *  to  be v i g i l a n t  on t h e i r  b e h a lf  (see C h ap te r 5) 
was th e re fo re  h igh: 83% fo r  tu rn s to n e s  and 70% fo r pu rp le  sandp ipers.
6 .2 .2  The E f fe c t  o f  V i s i b i l i t y  on T id a l Changes in  Flock D ensity
The re la t io n s h ip  betw een t i d a l  s t a t e  and th e  d e n s ity  o f exposure 
p e rio d  feed ing  f lo c k s  was found to  be a f fe c te d  by th e  v i s i b i l i t y  o f 
th e  h a b i ta t  in  which th ey  were feed ing . In  a re a s  o f good v i s i b i l i t y ,  
th e  in c reased  fo rag in g  a re a  produced by th e  f a l l in g  t id e  re s u lte d  in  
d e c r e a s e s  in  f lo c k  d e n s i ty .  In  tu r n s to n e s ,  th e  d e c re a se  was 
p r i n c i p a l l y  cau sed  by ch an g es  in  c o n s p e c i f ic  d e n s i ty  (F ig .6, 3a). In  
c o n t r a s t ,  in  p u r p le  s a n d p ip e r s  th e  t r e n d  o f  lo w er c o n s p e c i f ic  
d e n s i t i e s  to w a rd s  low  w a te r  was n o t s i g n i f i c a n t  (F ig .6.3 d ), and 
in s te a d  i t  was m a in ly  r e d u c t io n s  in  th e  d e n s i t i e s  o f  o th e r  s p e c ie s  
t h a t  c au sed  th e  d ro p  in  g e n e r a l  w ader d e n s i t i e s .  H owever, th e s e  
ch anges in  f lo c k  d e n s i t i e s  w ith  t i d a l  s t a t e  d id  n o t  occu r in  poor 
v i s i b i l i t y  h a b i t a t s ;  h e re  th e  o v e r a l l  d e n s i t i e s  rem ain ed  a t  a  h ig h  
le v e l  i r r e s p e c t iv e  o f  th e  s t a t e  o f  th e  t id e .
As w ould be e x p e c te d , th e  v i s i b l e  w ader d e n s i t i e s  in  good 
v i s i b i l i t y  a r e a s  w e re , on a v e ra g e , o n ly  s l i g h t l y  lo w er th a n  th e  
o v e ra l l  d e n s i t ie s .  However, in  poor v i s i b i l i t y  a re a s  (i.e . where th e  
v i s i b i l i t y  s c o re  was l e s s  th a n  10) th e y  w ere much lo w e r, a v e ra g in g  
70% o f  th e  o v e r a l l  d e n s i t i e s  f o r  p u rp le  s a n d p ip e r s  (F ig .6 .3 e  & f) 
and o n ly  44% fo r  tu r n s to n e s  (F ig .6,3 b & c ) . T hus, had o v e r a l l  f lo c k  
d e n s i t ie s  in  low v i s i b i l i t y  a re a s  dropped w ith  the  t id e  as  in  o th e r 
a r e a s ,  th e  c o rre sp o n d in g  v i s i b l e  d e n s i t i e s  a t  low t i d e  w ould have 
been  e x tre m e ly  low . I n s t e a d ,  by m a in ta in in g  h ig h  o v e r a l l  w ader 
d e n s i t i e s  th ro u g h o u t th e  t i d a l  c y c le ,  f lo c k s  in  low v i s i b i l i t y  
h a b i t a t s  e x p e r ie n c e d  v i s i b l e  d e n s i t i e s  s i m i l a r  to  th e  lo w e s t  ones
I:
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Pig,6.3. R egression l in e s  o f th e  r e la t io n s h ip s  between tim e from low w a te r  and th e  e x p o su re  p e r io d  w in te r  f lo c k  d e n s i t i e s ,  in  poor 
v i s i b i l i t y  (dashed l in e s )  and good v i s i b i l i t y  (so lid  lin e s )  h a b i ta ts .  
O bservations e i th e r  s id e  o f  low w ater have been combined to  c a lc u la te  
each  r e g r e s s io n ;  r e g r e s s io n  l i n e s  h av e , how ever, been  m ir ro re d  to  
ease in te rp re ta t io n  (see t e x t  fo r  d e ta i l s ) .  The mean value  i s  p lo t te d  
where the  re g re ss io n  l in e  i s  n o t s t a t i s t i c a l l y  s ig n if ic a n t .
(a) -  (c) D e n s i t i e s  a round  f o c a l  tu r n s to n e s  (poor v i s i b i l i t y  n=84 
o b serv a tio n s , good v i s i b i l i t y  n=331 o b se rv a tio n s ) .
(a) O verall d e n s ity  o f  tu rn s to n es .
Good v i s ib i l i t y : r = 0 .2 9 0 ,  P<0.001.
Poor v i s i b i l i t y ;  r=-0,048,N S.
(b) O vera ll wader d e n s ity  (exressed as tu rn s to n e  e q u iv a len ts  -  
see t e x t  fo r  d e ta i l s ) .
Good v i s i b i l i t y :  r=0.192, P<0.001.
Poor v i s i b i l i t y :  r = -0 .033 , NS.
(c) V is ib le  wader d e n s ity  (expressed as tu rn s to n e  e q u iv a le n ts  -  
see te x t  fo r  d e ta i l s ) .
Good v i s i b i l i t y ;  r =0.221, P<0.001.
Poor v i s i b i l i t y :  r= -0 .0 3 4 , NS.
D ots in d ic a te  c o r r e c t e d  l e v e l s  a f t e r  w e ig h tin g  fo r  f lo c k  s i z e s  
-  see te x t  fo r  d e ta i l s .  Mean r a t i o  o f w eighted : unweighted d e n s i t ie s  
i s  1.36:1 fo r  good v i s i b i l i t y  and 1.52:1 fo r  poor v i s i b i l i t y
(d) -  (f) D e n sitie s  around f o c a l  p u rp le  s a n d p ip e r s  (poor v i s i b i l i t y  
n=33 o b serv a tio n s , good v i s i b i l i t y  n=172 o b s e rv a tio n s ) .
(d) O verall d e n s ity  o f  p u rp le  san d p ip ers .
Good v i s i b i l i t y :  r=0.111, NS.
Poor v i s i b i l i t y :  r= -0 .2 1 4 , NS.
(e) O v e ra l l  w ader d e n s i ty  (e x p re sse d  as  p u rp le  s a n d p ip e r  
eq u iv a len ts  -  see  t e x t  fo r  d e ta i ls ) .
Good v i s i b i l i t y :  r=0.127, P<0.05.
Poor v i s i b i l i t y :  r = -0 .125 , NS.
(f) V is ib le  w ader d e n s i t y  (e x p re sse d  a s  p u rp le  s a n d p ip e r  
eq u iv a len ts  -  see  t e x t  fo r  d e ta i l s ) .
Good v i s i b i l i t y :  r=0.126, P<G.05.
Poor v i s i b i l i t y :  r = -0 .134 , NS.
Dots in d ic a te  c o rre c ted  le v e ls  a f t e r  w eigh ting  fo r  f lo c k  s iz e s  -  see 
te x t. Mean r a t io  o f  w eighted : unweighted v i s ib le  wader d e n s i t ie s  i s  
1 .62 :1  fo r good v i s i b i l i t y  and 1 .52 :1  fo r  poor v i s i b i l i t y .
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experienced  by f lo c k s  in  good v i s i b i l i t y  a reas .
The r e g r e s s io n s  shown in  F ig u re  6.3 a r e  b ased  on o b s e r v a t io n s
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which were n o t w eighted fo r flo ck  s iz e  (l,e . each flo ck  was given an 
e q u a l w e ig h t in g ,  r e g a r d l e s s  o f  th e  number o f  tu r n s to n e s  o r  p u rp le  
san d p ip ers  i t  con ta ined ). R egressions could no t be c a lc u la te d  using  
w eighted d a ta , a s  d a ta  p o in ts  would no t then  be independent. However, 
a crude c o rre c tio n  fa c to r  can be ap p lied  by c a lc u la tin g  th e  r a t io s  o f 
w eighted mean d e n s ity  : unw eighted mean d e n s ity . In  n e ith e r  sp ec ie s  
d id  th e s e  r a t i o s  change w ith  t i d e  tim e  (ta k e n  a s  m in u te s  from  low 
w ater) in  e i th e r  v i s i b i l i t y  category ; th i s  was tru e  fo r  c o n sp ec ific  
d e n s i t i e s ,  o v e r a l l  w ader d e n s i t i e s  and v i s i b l e  w ader d e n s i t i e s  
(Spearman's rank c o r r e la t io n ;  in  a l l  cases P>0.1), T herefore  th e  mean 
v a lu e s  o f  th e s e  r a t i o s  have been  used  in  F ig u re  6.3 c and e to  
in d ic a te  th e  approxim ate minimum w ader d e n s i ty  e x p e r ie n c e d  by th e  
average tu rn s to n e  or p u rp le  sandpiper (as opposed to  th a t  experienced 
by th e  average f lo c k  in  which one o f those  sp ec ie s  was found). These
c o r r e c t io n s  show t h a t ,  r e g a r d le s s  o f h a b i t a t  v i s i b i l i t y  o r t i d a l  
s t a t e ,  th e  average tu rn s to n e  o r  p u rp le  s a n d p ip e r  n ev er e x p e r ie n c e d  
f lo c k  d e n s i t i e s  lo w er th a n  ap p ro x im a te ly  four v is ib le  c o n sp e c if ic s  
(or th e i r  eq u iv a len t) w ith in  te n  m etres.
6 .2 .3  T id a l Changes in  th e  Number and D ensity  o f B ird s  a t  C o a lru ff ie  
F igure 6.4 shows th e  number o f o y s te rc a tc h e rs  and redshanks a t  
C o a l r u f f i e  o v e r th e  t i d a l  c y c le  d u r in g  th e  w in te r .  The a re a  was 
com plete ly  under w ater fo r  approx im ate ly  2.5 -  3 hours over th e  high a
t id e  p e rio d , and so th e  f i r s t  b ird s  d id  n o t a r r iv e  u n t i l  a t  l e a s t  100 
m in u te s  a f t e r  h ig h  t i d e .  Num bers o f  b o th  s p e c ie s  th e n  in c re a s e d  
r a p id ly  a s  th e  m u sse lb e d s  and ro ck  p o o ls  becam e exposed  by th e  
f a l l in g  w ater le v e l .  Both sp e c ie s  would beg in  to  leav e  th e  a rea  once
th e  t id e  had tu rn ed , a lthough  some redshanks would o f te n  rem ain and
-a
begin to  ro o s t on th e  rocks u n t i l  th ese  were covered by th e  incoming 
t id e .
In  c o n tr a s t ,  th e  tu rn s to n e s  th a t  foraged a t  C o a lru ff ie  tended to
a rr iv e d  u n t i l  i t  l e f t  (Fig.6.5; Rank c o r re la t io n  between th e  m inutes
(F ig .6. 6a ) . The tu r n s to n e s  resp o n d ed  to  t h i s  r e d u c t io n  in  th e
a r r iv e  and d e p a r t a s  one flo ck . Consequently th e  number o f tu rn s to n e s
'p r e s e n t  d id  n o t  v a ry  w ith  t i d a l  s t a t e  from  th e  t im e  t h a t  th e  f lo c k
from  low w a te r  and th e  number o f  tu r n s to n e s  p r e s e n t ,  r  =0. 22, 
n=59, NS). A f te r  a r r i v a l ,  th e  f lo c k  o f  15-25 b i r d s  w ould g r a d u a l ly
tbreak up, a s  th e  b ird s  began to  spread  o u t and move amongst the  o th e r s p e c ie s  t h a t  w ere  p r e s e n t .  Thus th e  d e n s i ty  o f  c o n s p e c i f ic s  around  
each  tu r n s to n e  d ro p p ed  to w a rd s  low w a te r  (F ig .6.6b ) , w h ereas  th e  
d e n s i t ie s  o f redshanks and o y s te rc a tc h e rs  rem ained th e  same, due to  
the  con tinu ing  a r r iv a l  o f th e se  sp ec ie s  co u n te rac tin g  th e  in c reas in g  
a re a  a v a i l a b l e  fo r  f o r a g in g  (F ig .6. 6a ). T h e re fo re  th e  re d sh an k s  and 
o y s te r c a tc h e r s  becam e an in c r e a s in g ly  im p o r ta n t  com ponent o f  th e  
wader d e n s ity  around each tu rn s to n e  tow ards low w ater. As m entioned 
e a r l i e r ,  th e  num ber o f  p u rp le  s a n d p ip e rs  p r e s e n t  a t  C o a l r u f f ie  
f lu c tu a te d  g re a t ly  from  day to  day, and consequently  showed no t i d a l  
tre n d . i
6 .2 .4  The E f fe c t  o f  th e  Removal o f  Redshanks and O y ste rca tch ers  on 
the  Flocking Behaviour o f T urnstones
(a) Long-Term (Seasonal) Removal
The ap p aren t s h i f t  by tu rn s to n e s  to  a s tro n g e r  a s s o c ia tio n  w ith
o th e r sp ec ie s  a s  th ey  in c reased  in  numbers a t  C o a lru ff ie  could have
been a sp u rio u s  co incidence  ra th e r  than  a b e n e f ic ia l  a d ap ta tio n  to  a
changing environm ent. However, evidence fo r th e  l a t t e r  in te r p r e ta t io n
came in  th e  sp rin g , when th e  numbers o f oys t e r  c a tc h e r s  and redshanks
w ere much red u ced  (F ig .6 .4 ) . T h is  le d  to  a s i g n i f i c a n t  d ro p  in  th e
d e n s i t i e s  o f  r e d s h a n k s  and  o y s t e r c a t c h e r s  a round  tu r n s to n e s
I
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P ig .6.4. The mean num bers (+ S.E.) o f  (a) o y s te r c a tc h e r s  and (b) 
redshanks p re se n t a t  C o a lru ff ie  in  r e la t io n  to  th e  s ta t e  o f th e  t id e .  
W in ter c o u n ts  (S eptem ber to  1 5 th  A p ril)  r e p r e s e n te d  a s  c i r c l e s  and 
s o l id  l i n e s .  S p r in g  c o u n ts  (16 A p r i l  to  end o f  May) r e p r e s e n te d  as  
squares and dashed l in e s .
Sample s iz e s :  o y s te rc a tc h e r  -  68 w in ter and 16 sp rin g  counts 
redshank -  65 w in ter and 16 sp rin g  counts
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Fig.6.5, The mean number S.E.) o f tu rn s to n e s  p re se n t a t  C o a lru ff ie  
in  w in te r (September -  15 A pril) in  r e la t io n  to  the  s t a t e  o f  th e  t id e  
(n=59 counts; zero  coun ts excluded). Also shown (squares) a re  counts 
made in  sp rin g  (16th A p ril to  end o f May, n=24).
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a v a i l a b i l i ty  o f a l te r n a t iv e  flockm ates by ag g regating  more c lo se ly , 
so  in c r e a s in g  t h e i r  own d e n s i ty  (P ig .6 .6 b ). T h is  r e s u l t e d  in  t h e i r  
m a in ta in in g  th e  v i s ib le  wader d e n s ity  a t  th e  same le v e l  in  sp rin g  as 
in  w in te r  (F ig .6 .6c).
T h is  can  be c o n t r a s t e d  w ith  th e  f lo c k in g  b e h av io u r o f  p u rp le  
s a n d p ip e r s .  As s t a t e d  e a r l i e r ,  t h i s  s p e c ie s  d id  n o t u t i l i s e  
C o a lru ff ie  as  re g u la r ly  as d id  th e  tu rn s to n e s , and so the  comparison 
must be made using  d a ta  from th e  e n t i r e  s tudy  a re a , ra th e r  than  j u s t  
C o a l r u f f i e .  H o w ev e r, th e  sam e r e d u c t i o n s  in  re d s h a n k  and 
o y s te rc a tc h e r  numbers were undoubtedly o ccu rrin g  throughout th e  study 
a rea . Purp le  san d p ip ers  d id  n o t share  v ig ila n c e  w ith  e i th e r  redshanks 
o r o y s t e r c a t c h e r s ,  b u t  o n ly  w ith  tu r n s to n e s .  T h e re fo re  th e  s p r in g  
red u c tio n  in  numbers o f the  form er two sp ec ie s  would no t be expected 
to  have had th e  same e f f e c t  on th e i r  f lo ck in g  behaviour as i t  had on 
tu rn s to n e s . F igure  6,7 dem onstrates  th a t  th i s  p re d ic tio n  was upheld; 
th e re  were no d if fe re n c e s  between w in te r and sp rin g  in  the  d e n s i t ie s  
a round  p u r p le  s a n d p ip e r s  o f  e i t h e r  tu rn s to n e s  or c o n sp e c if ic s , and 
consequently  no d if fe re n c e  in  v i s ib le  wader d e n s i t ie s .
T h u s t h e  s p r i n g  d ro p  in  th e  n u m b e rs  o f  r e d s h a n k s  and  
o y s te rc a tc h e rs  co incided  w ith  ch anges in  th e  f lo c k in g  b e h av io u r o f  
tu r n s to n e s  (w hich had p r e v io u s ly  d e r iv e d  v ig i l a n c e  b e n e f i t s  from  
a s s o c ia tin g  w ith  them); in  c o n tra s t ,  p u rp le  san d p ip ers  (which d id  no t 
s h a re  v ig i l a n c e  w ith  e i t h e r  re d sh an k s  or o y s te rca tc h e rs)  showed no 
change in  flo c k in g  behaviour when th e se  two sp ec ie s  d ep arted ,
(b) S h o rt-te rm  (D isturbance) Removal
The r e s u l t s  o f  th e  sh o rt- te rm  removal experim ents a t  C o a lru ff ie  
c o r ro b o ra te d  th e  f in d in g s  o f  th e  w in t e r - s p r in g  co m p ariso n . On 
a v e r a g e ,  my d i s t u r b a n c e  s u c c e e d e d  in  r e m o v in g  42% o f  th e  
o y s t e r c a t c h e r s  and 57% o f  th e  re d sh a n k s  p r e s e n t  a t  C o a l r u f f i e ,
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P ig .6.6. R e g re s s io n  l i n e s  o f  th e  r e l a t i o n s h i p s  b e tw een  th e  s t a t e  o f  
the  t id e  and f lo c k  d e n s i t ie s  around fo c a l tu rn s to n e s  in  w in te r (so lid  
l i n e s ,  n=136 o b s e r v a t io n s )  and in  s p r in g  (b roken l i n e s ,  n=29 
o b servations). R egression  l in e s  a re  drawn m irro red  e i th e r  s id e  o f  low 
w ater, as d esc rib ed  fo r  F ig .6 .3 .
(a) O v e ra l l  d e n s i t y  o f  re d sh a n k s  + o y s te r c a tc h e r s  (e x p re s se d  a s  
tu rn sto n e  e q u iv a len ts  -  see  t e x t  fo r  d e ta i l s ) .
C o v arian ce  a n a ly s i s  com paring  re g re s s io n  l in e  s lo p es  o f w in te r  and 
sp rin g  d a ta : F^^g 2 = 0.03, NS. Comparing e le v a tio n s : F jg2 1 "  25.12, 
P<0.001.
(b) O verall d e n s ity  o f tu rn s to n e s .
Covariance a n a ly s is  comparing re g re ss io n  l in e  s lo p es: ^159^2 ~ 0.15, 
NS. Ccmparing e le v a tio n s :  F^^2 1 “ 4 .98 , P<0.05.
(c) V is ib le  wader d e n s ity  (expressed as tu rn s to n e  e q u iv a le n ts  -  see 
te x t  fo r  d e t a i l s ) .
Covariance a n a ly s is  comapring slopes: F^gg 2 “ 0.02, NS, Comparing 
e le v a tio n s : '^1^2 1 ” 0 .001, NS.
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F ig ,6,7 . R e g re s s io n  l i n e s  o f  r e l a t i o n s h i p s  b e tw een  tim e  s in c e  low 
w ater and flo ck  d e n s i t ie s  around fo c a l p u rp le  sandp ipers  in  w in te r 
( s o l id  l i n e s ,  n=151 o b s e rv a t io n s )  and s p r in g  (dashed  l i n e s ,  n=49 
ob serv atio n s). R egression l in e s  a re  drawn m irro red  e i th e r  s id e  o f  low 
w ater, as d esc rib ed  fo r  Fig.6.3.
(a) O verall d e n s ity  o f  tu rn s to n e s .
Covariance a n a ly s is  comparing re g re ss io n  l in e  s lo p es : F^g^ 2 “  0.09, 
NS. Comparing e le v a tio n s :  F^g^ ^ “  1 .50, NS.
(b) O verall d e n s ity  o f p u rp le  sandp ipers .
C o v arian ce  a n a ly s i s  com paring  s lo p e s :  Fj^g^ 2 ”  0 ,03 , NS. C om paring 
e le v a tio n s : F^g^ ^ “ 0 .0 1 , NS.
(c) V is ib le  wader d e n s ity  (expressed as p u rp le  sandpiper eq u iv a len ts  
-  see te x t  fo r  d e t a i l s ) .
Covariance a n a ly s is  comparing s lo p es : F^g^ 2 ”  0 .6 3 , NS.
Comparing e le v a tio n s :  “ 0 .07 , NS.
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w ith o u t  a p p r e c ia b ly  a l t e r i n g  tu r n s to n e  num bers (P ig .6.8). P u rp le  
sandp ipers  were only  p re s e n t in  sm all numbers in  a l l  t r i a l s ,  and so 
were a  minor component in  tu rn s to n e  flo ck  d e n s i t ie s .
The rem oval o f many o f th e  o y s te rc a tc h e rs  and redshanks caused a 
s i g n i f i c a n t  r e d u c t io n  in  t h e i r  d e n s i ty  a round  each  tu rn s to n e .  T h is  
was c o u n te r a c te d ,  ho w ev er, by an in c r e a s e  in  th e  c lum ping  o f  
tu rn s to n e s , so t l ia t  th e i r  v i s ib le  wader d e n s ity  d id  no t drop d e sp ite  
th e  r e d u c t io n  in  w ader num bers. The b i r d s  resum ed fe e d in g  w i th in  
sev e ra l m inutes o f  my leav in g  th e  m usselbeds, and moved in to  the  same 
a re a s  o f m usselbed th ey  had been feed ing  in  p r io r  to  my appearance. 
N onetheless, th e  lo c a l  d e n s i t ie s  o f tu rn s to n e s  were m aintained a t  a 
h ig h  l e v e l  fo r  a t  l e a s t  40 m in u te s  a f t e r  th e  d is tu r b a n c e ,  o v er a 
p e rio d  o f th e  t i d a l  cy c le  where they  would n o rm ally  be dropping (see 
F ig u re  6 . 6b).
That my d is tu rb a n ce  d id  n o t in  i t s e l f  cause th e  b ird s  to  change 
t h e i r  d i s p e r s io n  i s  a l s o  d e m o n s tra te d  by th e  r e s u l t s  o f  th e  th r e e  
c o n t r o l  e x p e r im e n ts  (F ig .6.9 ). The p o s t-d is tu rb a n c e  counts in  th ese  
c o n t r o l  t r i a l s  showed t h a t  v i r t u a l l y  no b i r d s  w ere  caused  to  le a v e  
the  a re a , and in  f a c t  th e  number o f o y s te rc a tc h e rs  s l ig h t ly  increased  
(as w ould n o rm a lly  be e x p e c te d  a t  t h i s  p e r io d  o f  th e  t i d e ) .  The 
d e n s ity  m easurements show th a t  th e re  were no changes in  d e n s ity  a f te r  
th e  d is tu rb a n ce , in d ic a tin g  th a t  those  changes t h a t  occurred in  the  
rem o v a l t r i a l s  r e s u l t e d  from  th e  ch an g es  in  th e  number o f  b i r d s  
p re se n t, r a th e r  than  from my appearance on th e  m usselbeds.
Thus b o th  th e s e  e x p e r im e n ts  and th e  s e a s o n a l  co m p ariso n s  
in d ic a te  th a t  tu rn s to n e s  d isp e rse  so a s  to  reduce th e i r  own d e n s ity  
i f  o th e r  s p e c ie s  (w ith  w hich th e y  s h a re  v ig i l a n c e )  a re  p r e s e n t .  I f ,  
how ever, th e s e  o th e r  s p e c ie s  a r e  rem oved, th e n  th e  tu r n s to n e s  a re  
fo rced  to  choose between e i th e r  aggregating  more, o r feeding in  lower 
d e n s ity  f lo c k s  (w ith  th e  c o s t  o f  e i th e r  spending more tim e v ig i la n t
163
. - , .....
F ig .6.8. The flo c k  d e n s i t ie s  (expressed as means +. S.E.) around fo c a l 
tu r n s to n e s  a t  C o a l r u f f i e  b e fo re  and a f t e r  p e r io d s  o f  d is tu r b a n c e  
(marked by th e  b lack  b a rs). Also shown a re  th e  s ig n if ic a n c e  le v e ls  o f 
t - t e s t s  comparing p o s t-d is tu rb a n c e  d e n s i t ie s  w ith  those  lOmins p r io r  
to  th e  d is tu r b a n c e  (* P<0.05, ** P<0.001). Sam ple s i z e s  fo r  means 
v a ry  be tw een  42 and 61 o b s e r v a t io n s  from  4 d is tu r b a n c e  t r i a l s .  The 
v a r i a t i o n  r e s u l t s  from  f a i l u r e s  in  l o c a t in g  a l l  b i r d s  w i th in  each  
10min. period .
(a) O verall d e n s ity  o f  o y s te rc a tc h e rs .
(b) O verall d e n s ity  o f tu rn so n es.
(c) V is ib le  wader d e n s ity  (expressed as tu rn s to n e  e q u iv a len ts  -  see 
te x t  fo r  d e ta i l s ) .
The changes in  th e  num bers o f  b i r d s  p r e s e n t  in  re sp o n se  to  th e
d is tu rb an ce  a re  g iven  below.
Mean no. befo re  Mean no. a f t e r  % change
Turnstone 19.3 19.8  + 2,6
Purple sandpiper 3 .3  2 .3  -3 0 .8
Redshank 12.8 5 .5  -5 6 .9
O ysterca tcher 49.5 28,5 -4 2 .4
* Mean o f one count made im m ediately a f t e r  d is tu rb a n ce  and ano ther
30mins l a t e r  in  each t r i a l .
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F ig .6,9 . F lock  d e n s i t i e s  around  tu rn s to n e s  a t  C o a lru ff ie  in  c o n tro l 
d is tu r b a n c e  t r i a l s ;  d a ta  r e p re s e n te d  a s  in  F ig .6. 8 ; 3 t r i a l s  w ere 
c a r r ie d  o u t, and sam ple s iz e s  range from 29 to  40 fo r each p o in t.
(a) O verall d e n s ity  o f  o y s te rc a tc h e rs .
(b) O verall d e n s ity  o f  tu rn s to n e s .
(c) V is ib le  wader d e n s ity  (expressed as tu rn s to n e  e q u iv a le n ts  “  see
te x t  fo r  d e ta i l s ) .
The changes in  th e  number o f  b i r d s  in  re s p o n se  to  th e  c o n t r o l
d is tu rb an ce  a re  g iven  below:
Mean no, b e fo re  Mean no. a f te r*  % change
Turnstone 17.7 17.7 0
Purple sandpiper 10.7 10.7 0
Redshank 6 .0 5 .2  -1 3 .9
O ysterca tcher 48.7 54.0 +10.9
* Mean o f one count made im m ediately a f t e r  d is tu rb a n ce  and ano ther 
30mins l a t e r  in  each t r i a l .
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o r ru n n in g  a h ig h  r i s k  o f  p r e d a t io n ) .  The e v id e n c e  shows t h a t  th e y  
o p t to  feed  a t  h igher c o n sp e c if ic  d e n s i t ie s ,
6 .2 .5  The Mechanisms o f Flock Cohesion: Turnstone Search Paths
(a) The E f fe c ts  o f  V i s ib i l i t y  and th e  Presence o f Other B irds
Turnstones do n o t move randomly w hile  fo rag in g ; in s tead  th e re  i s  
a s tro n g  d i r e c t io n a l  component to  th e i r  movement. T herefore in  a l l  
s i tu a t io n s  th e re  was a h igh  p ro b a b i l i ty  th a t  a b ird  would con tinue to  
move in  th e  same g e n e r a l  d i r e c t i o n  in  w hich  i t  had been re c o rd e d  
moving th r e e  seco n d s e a r l i e r .  In  o th e r  w ords. Forw ard  was th e  m ost 
commonly recorded o f th e  s ix  d ir e c t io n s  o f movement in  the  an a ly ses  
o f  s e a rc h  p a th s .  H ow ever, th e  p r o b a b i l i t i e s  o f  moving in  any one 
d ire c t io n  were found to  be a f fe c te d  by th e  p resence  o f o th e r b ird s ,  
and t h i s  fa c to r  in  tu rn  was a f fe c te d  by h a b i ta t  v i s i b i l i t y .
F igure 6,10a i l l u s t r a t e s  t h a t  fo r  tu rn s to n e s  in  low v i s i b i l i t y  
h a b i ta ts  (i.e . mean v i s i b i l i t y  sco re  no t g re a te r  than  10), th e re  was 
a s tro n g  tendency to  tu rn  in  th e  d ir e c t io n  o f  th e  only  neighbouring 
c o n s p e c i f ic  in  a d d i t io n  to  th e  h ig h  p r o b a b i l i t y  o f  c o n tin u in g  th e  
p rev ious d ire c t io n  o f movement. A b ird  was alw ays more l ik e ly  to  tu rn  
tow ards a s e c to r  when i t  was occupied by another tu rn sto n e  than when 
i t  was n o t ,  and t h i s  was e s p e c i a l l y  m arked when th e  n e a r e s t  
c o n s p e c i f ic  was more th a n  two m e tre s  d i s t a n t  (F ig .6 .1 1 a). For 
in s tan ce , a tu rn s to n e  was fou r tim es more l ik e ly  to  make a com plete 
180® tu rn  and move Backwards i f  th e  Back se c to r  was occupied than  i f  
i t  was n o t .  T hese f in d in g s  a r e  u n l ik e ly  to  have been  th e  r e s u l t  o f  
b ird s  moving back tow ards food p a tch es , as in  a l l  cases  the  f lo c k s  as 
a  w hole showed a d i r e c t i o n a l  t r e n d ,  m oving s t e a d i l y  a c r o s s  th e  
b o u ld e r h a b ita t .
T his tendency to  move tow ards o th e r tu rn s to n e s  was no t so marked 
when b i r d s  w ere fe e d in g  in  m o n o sp e c if ic  f lo c k s  in  good v i s i b i l i t y
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Fig 6.10. The p ercen tages o f tu rn s  made in  each o f s ix  d ire c t io n s  by 
fo ra g in g  tu r n s to n e s ,  in  r e l a t i o n  to  th e  l o c a t io n  o f  th e  o n ly  o th e r  
tu rn s to n e  w i th in  10m ( in d ic a te d  by a s t a r ) .  The to p  s e c to r  in  each  
c i r c l e  i n d i c a t e s  th e  p e rc e n ta g e  o f  moves made in to  th e  Forw ard  
s e c to r ;  th e  b o ttom  s e c to r  i n d i c a t e s  th e  p e rc e n ta g e  made in to  th e  
backward se c to r  e tc .
(a) B irds in  m onospecific  flo ck s  in  poor v i s i b i l i t y  h a b i ta ts  (n=525 
moves, made 37 b ird s ) .
(b) B irds in  m onospecific  f lo c k s  in  good v i s i b i l i t y  h a b i ta ts  (n=440 
moves, made by 19 b i r d s ) .
(c) B ird s  in  m ixed s p e c ie s  f lo c k s  ( i .e .  w ith  o th e r  s p e c ie s  w i th in  
10m) in  good v i s i b i l i t y  h a b i ta ts  (n=525 moves, made by 15 b i r d s ) .
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Fig.6.11. The p e rcen tag es  o f tu rn s  made in  each of s ix  d i r e c t io n s  by 
fo ra g in g  tu r n s to n e s  a s  in  F i g .6 .1 0 , e x c e p t  t h a t  o b s e r v a t i o n s  
a re  r e s t r ic te d  to  s i tu a t io n s  in  which th e  n e a re s t tu rn s to n e  was more 
th a n  2m from  th e  f o c a l  b i r d .  Sam ple s i z e s  (a) n=64 m oves, (b) n=66 
moves, (c) n=129 moves.
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a r e a s  (P ig ,6 .1 0 b ), A tu r n s to n e  was l e s s  l i k e l y  to  move in  th e  
d i r e c t i o n  o f  o th e r  tu r n s to n e s  ( r e g a r d le s s  o f  w hich  d i r e c t i o n  t h a t  
was) when in  good v i s i b i l i t y  h a b i ta ts  than when th e  v i s i b i l i t y  was 
red u ced  (W ilco x o n 's  p a i r e d  s ig n e d - ra n k s  t e s t ;  = 0, n -  6 , P < 
0 .0 5 ) .
T urnstones in  good v i s i b i l i t y  h a b i ta ts  were even le s s  l ik e ly  to  
tu r n  to w a rd s  o th e r  c o n s p e c i f i c s  i f  o th e r  s p e c ie s  w ere p r e s e n t ,  
(Pig,6.10c). When p u rp le  san d p ip e rs , redshanks or o y s te rc a tc h e rs  were 
w ith in  te n  m etres  o f  th e  fo c a l b ird , i t  had a s ig n i f ic a n t ly  reduced 
tendency to  move tow ards th e  n e a re s t  c o n sp e c if ic , e s p e c ia l ly  i f  th i s  
was more th a n  tw o m e tre s  aw ay (F ig ,6 ,10b  & c ; W ilcoxon’s  p a i r e d  
s ig n e d - r a n k s  t e s t ,  Tg = 0 , n = 6 , P < 0 .05 ), In  f a c t ,  when o th e r  
sp ec ie s  were p re s e n t, th e  lo c a tio n  o f  c o n sp e c if ic s  appeared to  have 
no e f f e c t  on th e  d i r e c t io n  in  which a tu rn s to n e  moved.
(b) The E f fe c t  o f Dominance Rank in  H igh-D ensity F locks
Data were ga thered  from flo c k s  o f between 12 and 44 tu rn s to n e s , 
fe e d in g  on s h in g le ,  lo o s e  ro ck  and dead  w rack ; in  a l l  c a s e s  th e  
v i s i b l e  d e n s i ty  was a t  l e a s t  te n  b i r d s  w i th in  10m o f  a f o c a l  b i r d .  
I n d iv id u a l s  w ere  fo llo w e d  on th e  v id e o  f i lm  fo r  b e tw een  20 and 380 
se c o n d s , and w ere s e e n  to  i n t e r a c t  up to  n in e  t im e s  w i th in  t h a t  
pe rio d . A t o t a l  o f 13 b ird s  were on ly  seen w inning encounters (these 
w ere  d e f in e d  a s  th e  m ore d o m in an t b i r d s ) ,  26 w ere  d e f in e d  as  
s u b o r d in a te ,  h av in g  been  se e n  o n ly  to  lo s e  e n c o u n te r s ,  and 33 w ere 
n o t  seen  to  i n t e r a c t  a t  a l l .  Seven b i r d s  w ere se e n  to  b o th  w in and 
lo s e  i n t e r a c t i o n s  d u r in g  th e  p e r io d  t h a t  th e y  w ere o b se rv e d ; th e s e  
b ird s  a re  o m itted  from th e  a n a ly s is .
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Table 6.1 The p ro p o rtio n  o f  moves d i f f e r e n t  c a te g o r ie s  o f  tu rn s to n es  
made tow ards th e i r  n e a re s t  feed ing  neighbour. Samples a re  broken down 
a c œ rd in g  to  th e  p o s i t io n  o f  th e  neighbour. D ata w ere ob ta ined  from 
d e n se  f l o c k s ,  and in  a l l  c a s e s  th e  n e ig h b o u r w as l e s s  th a n  3m from  
th e  fo c a l b ird
D ire c tio n  o f (A) (B) (C)
Neighbour % Moves (n) % Moves (n) % Moves (n)
Forwards 62.1 (29) 57.9 (57) 52.0 (25)
L e ft 45.0 (20) 30.3 (33) 13.3 (30)
R ight 50.0 (22) 24.1 (54) 24.0 (25)
B ack le ft 50.0 (10) 17.1 (41) 8.0 (25)
B ackrigh t 33.3 (6) 13.0 (23) 14.3 (21)
Backwards 15.4 (13) 13.3 (15) 6.3 (16)
A = more dominant b ird s  
B = b ird s  o f unknown rank 
C = more su b o rd in a te  b ird s
C om paring th e  s e a rc h  p a th s  o f  th e  more d o m in an t and more 
s u b o rd in a te  b i r d s ,  i t  i s  e v id e n t  t h a t  th e  more d o m in an t b i r d s  w ere 
more l ik e ly  to  tu rn  tow ards th e i r  n e a re s t feed ing  neighbour than were 
th e  more su b o rd in a te  in d iv id u a ls  (Table 6.1; W ilcoxon's p a ired  signed  
ra n k s  T^ = 0, n = 6 , P < 0 .05 ). Thus, i f  a l l  s e c t o r s  a r e  com bined , 
th e  dom inant b ird s  moved tow ards th e i r  n e a re s t  feed ing  neighbour on 
47% o f  o ccasio n s, w hereas th e  p ro p o rtio n  was 20% fo r more subo rd ina te  
i n d iv id u a l s .  The sam p le  o f  b i r d s  n o t  s e e n  to  i n t e r a c t  would be 
e x p e c te d  to  e x h i b i t  b e h a v io u r  w h ich , on a v e ra g e , was in te r m e d ia te  
between th e  o th e r two groups, as i t  undoubtedly con ta ined  b ird s  o f a 
b ro a d e r  sp e c tru m  o f  dom inance ra n k s  th a n  e i t h e r  e x tre m e . T h is  was 
c o n f irm e d , a s  th e  p r o p o r t io n  o f  tu r n s  made to w a rd s  th e  n e a r e s t  
fe e d in g  n e ig h b o u r was s i g n i f i c a n t l y  lo w er th a n  t h a t  o f  th e  more 
d o m in an t b i r d s  (W ilco x o n 's  p a i r e d  s ig n e d  ra n k s ,  T^ = 0 , n = 6 , P < 
0.05), b u t was g e n e ra lly  h igher (although n o t s ig n i f ic a n t ly  so) than  
th e  more sub o rd in a te  b ird s  (W ilcoxon's T^ = 2, n = 6, NS).
6 .3  D iscussion
In  common w ith  many o th e r  s tu d ie s  (e .g . R echer 1966, B urger e t  
a l .  1977, B rearey 1982, F le isc h e r  1983), t h i s  c h ap te r has shown th a t
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th e  o s c i l l a t io n s  o f th e  t id e  induce c y c l ic a l  changes in  the  d e n s i t ie s
o f sh o reb ird  f lo ck s . Over th e  h igh  w ater p e rio d , feed ing  flo ck s  a re
n e c e s sa r ily  a t  h igh  d e n s i t ie s  due to  th e  l im ite d  a re a  a v a ila b le  fo r
fo rag ing . D e n s itie s  then  d ecrease  a s  th e  dropping t id e  exposes a fa r
g re a te r  p o te n t ia l  fo rag ing  a rea ; however, in  n e ith e r  tu rn s to n e s  nor
p u rp le  s a n d p ip e r s  d o es  th e  te n d en c y  to  f lo c k  b re a k  down. As a
consequence, a t  low w ater n e ith e r  sp ec ie s  i s  even ly  d isp ersed  over
th e  i n t e r t i d a l  zone, b u t  i s  d i s t r i b u t e d  in  th e  form  o f  f l u c t u a t i n g
ag g reg a tio n s  th a t  move amongst th e  b ird s  o f o th e r sp ec ie s . Thus, even
though  th e r e  a r e ,  f o r  in s ta n c e ,  o n ly  a p p ro x im a te ly  230 tu r n s to n e s
ofeed ing  in  an a re a  o f some 1,500,000m of s u i ta b le  h a b i ta t  (Chapter 
1), each w i l l  have on average a minimum o f 1.3 c o n sp e c if ic s  w ith in  10 
m o f i t ,  and co n sid e rab ly  more in  reg io n s  o f low v i s i b i l i t y .
In d iv id u a l tu rn s to n e s  and p u rp le  sandp ipers  w i l l  th e re fo re  tend 
to  be c lo se  to  o th e r members o f th e  same sp ec ie s ; th e se  c o n sp e c if ic s
::N
w i l l  n o n e th e le s s  be o n ly  one com ponent in  a  m u l t i - s p e c i e s  f lo c k  
assem blage. When v is ib le  d e n s i t ie s  o f  the  o th e r sp ec ie s  a re  converted  
to  c o n sp e c if ic -e q u iv a le n ts  (the currency  which m easures the  v ig ila n c e  
b e n e f its  o f f lo c k in g ), i t  i s  e v id en t th a t  bo th  tu rn s to n e s  and pu rp le  
sandp ipers d e riv e  co n sid e rab le  b e n e f i ts  from th e  n a tu ra l  d e n s i t ie s  of 
th ese  o th e r b ird s . ^  a  r e s u l t ,  on average both tu rn s to n e s  and p u rp le  
sandp ipers tend  tow ards o p tim al f lo c k  d e n s i t i e s ,  by a v o id in g  th o s e  
extrem es o f d e n s i t ie s  which r e s u l t  in  th e i r  in c u rr in g  h igh  c o s ts  of 
e i th e r  v ig ila n c e  or ag g ress io n  and in te r fe re n c e . T his i s  t ru e  even in  
low v i s i b i l i t y  a re a s , where o v e ra l l  d e n s i t ie s  must be m ain tained  a t  
h ig h  l e v e l s  in  o rd e r  to  p ro d u ce  th e  o p tim a l in te r m e d ia te  v i s i b l e  
d e n s i t ie s .  The two s e ts  o f rem oval experim ents p rov ide  good evidence 
th a t  th i s  was n o t c o in c id e n ta l, a s  b ird s  were shown to  make adap tiv e  
responses to  compensate fo r changes in  flo ck  d e n s ity . I t  should n o t
167
be th o u g h t s u r p r i s in g  t h a t  such  f in e - l e v e l  com pensatory changes in  
d i s p e r s io n  may o c c u r , a s  o th e r  s tu d i e s  have a l s o  found a d a p tiv e  
s h i f t s  in  f lo ck in g  behaviou r in  response to  changing co n d itio n s . For 
in s t a n c e ,  a s i t u a t i o n  a n a lo g o u s  to  an in c r e a s e  in  a g g re s s io n  and 
in te r fe re n c e  was observed by Barnard e t  a l .  (1982) in  th e i r  study  of 
p lover and g u l l  fo rag ing  f lo c k s . Hie movement o f  black-headed g u l ls  
(which k le p to p a ra s i t is e  p lovers) in to  a lapwing f lo c k  re su lte d  in  a 
r e d u c t io n  in  th e  f lo c k  s i z e  th ro u g h  a p r o p o r t io n  o f  th e  lap w in g s  
im m ediately  leav ing ; th e  same e f f e c t  was noted upon the  a r r iv a l  of 
la rg e  numbers o f  golden p lo v e rs  (which tend  to  cause in te rfe re n c e  to  
fo r a g in g  la p w in g s , so  re d u c in g  t h e i r  fe e d in g  e f f i c i e n c y ) .  In  
c o n tra s t ,  an in creased  p re d a tio n  r i s k  may have th e  o p p osite  e f f e c t .  
C araco  e t  a l . (1980a) found t h a t  y e llo w -e y e d  ju n c o s  fe d  in  l a r g e r  
f lo c k s  when a p red a to r was p re s e n t  in  the  study a rea ; removal o f the  
b u sh es  used  by th e  b i r d s  a s  p r o t e c t i v e  co v er a p p a r e n t ly  p roduced  a 
s im ila r  response (Caraco e t  a h  1980b) (although th e  l a t t e r  a n a ly s is  
s u f f e r s  f ro m  th e  i n c l u s i o n  o f  ' f l o c k s ’ o f  z e r o  b i r d s  in  th e  
c a lc u la t io n  o f th e  mean flo c k  s iz e ) .
These tw o s tu d i e s  have d e a l t  w ith  f lo c k  s i z e ,  r a th e r  th a n  
d e n s i ty .  The two p a ra m e te r s  a r e  c lo s e ly  l in k e d  w here f lo c k s  a re  
s m a l l ;  how ever f lo c k  s i z e  w i l l  te n d  to  become l e s s  r e le v a n t  to  th e  
behaviour o f in d iv id u a ls  a s  i t  in c re a se s , as lo c a l  v a r ia t io n s  in  the  
d e n s i ty  o f  b i r d s  on one s id e  o f  th e  f lo c k  w i l l  te n d  to  e x e r t  a 
g r e a t e r  in f lu e n c e  on t h e i r  b e h a v io u r  th a n  any f l u c t u a t i o n s  in  th e  
number o f b ird s  a t  th e  o th e r  s id e . Thus Myers' (1980) observation  o f 
b u f f - b r e a s te d  s a n d p ip e r s  T r y n g i te s  s u b r u f i c o l l i s  le a v in g  t h e i r  
fe e d in g  t e r r i t o r i e s  to  form  f lo c k s  on th e  a p p e a ra n c e  o f  a p re d a to r  
can a l s o  be v iew ed  a s  th e  re s p o n se  o f  b i r d s  in  w h a t i s ,  in  f a c t ,  an 
o v e r-d isp e rsed  and low d e n s ity  f lo c k , to  in c rease  th e i r  lo c a l d e n s ity  
w ith in  th e  flo ck  by g re a te r  ag g reg atio n . I t  i s  v a l id  to  consider the
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s a n d p ip e r s '  d i s p e r s io n  a s  b e in g  e q u iv a l e n t  to  a f lo c k ,  s in c e  th e r e  
was a  cohesive response by th e  group as  soon as  any one b ird  d e tec ted  
a  p re d a to r .
Such low d e n s i ty  f lo c k in g  i s  o n ly  p o s s ib le  in  h a b i t a t s  w ith  
u n re s tr ic te d  v i s i b i l i t y .  A r e d u c t io n  in  v i s i b i l i t y  w i l l  red u ce  th e  
v is u a l  c o n ta c t between members o f the  flo ck  u n le ss  n e a re s t neighbour 
d i s t a n c e s  a r e  s m a l l .  Thus one consequence  o f  fe e d in g  in  red u ced  
v i s i b i l i t y  a re a s  may be th e  n e c e s s ity  o f in c reased  flo ck  d e n s i t ie s ,  
as found fo r  tu rn s to n e s  and p u rp le  sandp ipers  on rocky shores in  th i s  
s tudy  and fo r  w i l l e t s  C atoptrophorus sem ipalm atus feeding  in  a s a l t  
marsh by B lick  (1980),
One o f th e  mechanisms o f m ain ta in ing  such d e n s i t ie s  i s  l ik e ly  to  
be th e  tendency fo r  moving b ird s  to  tu rn  tow ards th e i r  neighbours. In  
tu rn s to n e s  th i s  appears to  be most pronounced when th e  in d iv id u a l has 
s t r a y e d  some d i s t a n c e  from  th e  r e s t  o f  th e  f lo c k .  In  c o n t r a s t ,  a 
tu rn s to n e  w ith in  a m ixed-species flo ck  appears to  be uninfluenced  in  
i t s  chosen d i r e c t io n  o f movement by th e  p o s it io n s  o f  c o n sp e c if ic s , as 
i t  can  move in  o th e r  d i r e c t i o n s  y e t  s t i l l  re m a in  w i th in  th e  f lo c k .  
Having l o s t  th e  flo ck -co h esio n  c o n s tr a in ts  o f  moving, the  b ird  should 
th e re fo re  adopt a  movement s t r a te g y  th a t  m axim ises th e  e f f ic ie n c y  of 
search ing . Cody (1971) c a lc u la te d , through com puter s im u la tio n s , th a t  
an anim al would maximise th e  search ing  coverage o f a  l im ite d  a re a  i f  
i t  apportioned  i t s  tim e sp en t moving in  th e  fo u r d ire c t io n s  Forward, 
L e f t ,  R ig h t and Backward a c c o rd in g  to  th e  f o l lo w in g  a p p ro x im a te  
r a t i o s :  0.65F : 0.15L : 0.15R : 0.05B, I f  th e  e q u iv a l e n t  p r o p o r t io n s  
a re  c a lc u la te d  fo r  th e  com plete sample o f moves made by tu rn s to n es  
fe e d in g  in  m ixed s p e c ie s  f lo c k s  ( i .e .  F ig .6. c ) ,  c o n v e r t in g  th e  s ix
60^ s e c to r s  to  fo u r  90*  ^ s e c t o r s  by i n t e r p o l a t i o n ,  th e  r e s u l t  i s  
0.653F : 0.152L : 0.148R : 0.047B. T h is  i s  re m a rk a b ly  c lo s e  to  th e
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s im u la te d  optim um , w hich  i n d i c a t e s  t h a t  tu r n s to n e s  a re  a b le  to  
achieve an ex trem e ly  h igh  e f f ic ie n c y  o f sea rch in g  coverage over the  
l i m i t e d  e x te n t  o f  th e  i n t e r t i d a l  a r e a  when u n c o n s tr a in e d  by th e  
l im i ta t io n  to  rem ain c lo se  to  o th e r  co n sp e c if ic s .
V in es  (1980) found t h a t ,  on a v e ra g e , o y s te r c a tc h e r s  ten d ed  to  
tu r n  away from  t h e i r  n e a r e s t  n e ig h b o u r i f  th e y  app roached  to o  
c lo s e ly .  T h is  ten d ed  to  m a in ta in  an o v e rd is p e r s e d  d i s t r i b u t i o n ,  
r a th e r  th a n  c r e a te  f lo c k s ;  a p o s s ib le  b e n e f i t  o f  t h i s  b eh av io u r 
was th a t  in d iv id u a ls  stood a reduced r is k  o f being caught by s u rp r is e  
in  a k l e p t o p a r a s i t i c  a t t a c k  by a n o th e r  b i r d .  T u rn s to n e s  ap p ear to  
behave in  a  s i m i l a r  m anner when fe e d in g  in  h ig h  d e n s i ty  f lo c k s  in  
good v i s i b i l i t y  a reas ; however, th e  movement p a t te rn  adopted seems to  
depend on dominance s ta tu s .  The tendency fo r more dom inant b ird s  to  
move to w a r d s  f e e d in g  n e ig h b o u r s  n o t  o n ly  e n a b l e s  them  t o  
k l e p t o p a r a s i t i s e  more e a s i l y ,  i t  w i l l  a lso  in c re a se  the  lik e lih o o d  
t h a t  th e y  move to w a rd s  th e  c e n t r e  o f  f lo c k s .  C o n v e rse ly , th e  t r e n d  
fo r su b o rd in a tes  no t to  move tow ards th e i r  neighbours may r e s u l t  in  
th e i r  g ra d u a lly  moving tow ards th e  flo ck  p erip h ery . While being on 
th e  f lo c k  p e r ip h e ry  may re d u c e  th e  r i s k  o f  lo s in g  food to  more 
d o m in an t b i r d s ,  i t  may a l s o  in c r e a s e  th e  r i s k  o f  p r e d a t io n ;  th e  
tendency o f  su b o rd in a tes  to  avoid  o th e r b ird s  may th e re fo re  no t be so 
pronounced in  h a b i ta ts  w ith  a  low r i s k  o f k le p to p a ra s itism . This w i l l  
be d iscu ssed  fu r th e r  in  th e  ch ap te r th a t  fo llo w s.
170
CHAPTER SEVEN -  DISCUSSION 
A key com ponent o f  th e  d y n am ics  o f  a n im a l  p o p u la t io n s  i s  th e  
d e n s i ty  a t  w hich th e  a n im a ls  l i v e .  W hile  in  p a r t  c o n t r o l le d  by 
p opu la tion  s iz e ,  the  spacing behaviour o f  th e  an im als  concerned i s  an 
im portan t d e te rm in an t o f p o p u la tio n  d e n s ity . O utside  o f the  breeding 
s e a so n , fo ra g in g  tu r n s to n e s  and p u rp le  s a n d p ip e r s  a re  c l e a r l y  
g re g a r io u s ,  and i t  h a s  been  shown t h a t  tu r n s to n e s  a r e  a t t r a c t e d  to  
o th e r  c o n s p e c i f i c s ,  o r i e n t a t i n g  t h e i r  s e a rc h  p a th s  such  t h a t  th e y  
move w ith  them, ra th e r  than  tu rn  away. This tendency to  form groups 
a f f e c ts  o th e r a sp e c ts  o f  t h e i r  behaviour such a s  th e  amount of tim e 
devoted to  a n ti-p re d a to r  v ig i la n c e , agg ress io n , and k le p to p a ra s itism , 
and  t h e i r  f o r a g i n g  e f f i c i e n c y .  T h e se  e f f e c t s  in  t u r n  h a v e
aconsequences fo r  th e  ad ap tiv e  s ig n if ic a n c e  o f th e  spacing behaviour, 
and thus in flu en ce  i t s  n a tu re .
I t  i s  a g e n e r a l ly  a c c e p te d  consequence  o f  th e  th e o ry  o f  
e v o lu t io n  by n a tu r a l  s e l e c t i o n  t h a t  th o s e  a n im a ls  w hich l i v e  in  
groups do so because th e  b e n e f i ts  to  th e  in d iv id u a l o f th i s  form o f 
s o c i a l i t y  o u tw e ig h  th e  c o s t s .  The aim  o f  t h i s  s tu d y  h as  been to  
determ ine the  c o s ts  and b e n e f i ts  o f f lo ck in g , and th e  fa c to rs  which 
in flu en ce  th e se , in  tu rn s to n e s  and p u rp le  san d p ip ers , in  an a ttem p t 
to  i n v e s t i g a t e  th e  e x te n t  to  w h ich  f lo c k in g  i s  an i n t e g r a l  p a r t  o f  
the  s o c ia l  o rg a n isa tio n  and p o p u la tio n  ecology o f  th e se  species.
Numerous c o s t s  and b e n e f i t s  w hich a n im a ls  m ig h t ac ru e  from  
feeding in  groups o u ts id e  o f  th e  breed ing  season have been suggested.
1
These a re  b r i e f l y  d e s c r ib e d  be lo w ; more c o m p le te  re v ie w s  o f t h i s  
to p ic  can be found in  Morse (1977), Bertram  (1978), B lick  (1980) and 
Pu lliam  and M illik an  (1982), P o ss ib le  b e n e f its  to  th e  in d iv id u a l from 
such group l iv in g  a re :
(1) Improved p ro b a b il i ty  o f  f in d in g  food through lo c a l  enhancement.
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copying, o r an in c rease  in  th e  a v a i l a b i l i ty  o f p rey  item s due to  the  
p re y  b e in g  made more c o n sp ic u o u s  by th e  d is tu r b a n c e  e f f e c t  o f  th e  
group .
(2) An in c reased  p ro b a b il i ty  o f  c ap tu rin g  food item s through th e  co­
o p e ra tiv e  hunting  e f f o r t s  o f  th e  group.
(3) The c ap a c ity  to  cap tu re  and handle la rg e r  p rey .
(4) More e f f i c i e n t  u t i l i s a t i o n  o f  food  r e s o u r c e s ,  due to  g r e a t e r  
c o n t r o l  o v e r th e  s p a t i a l  p a t t e r n  o f  re s o u rc e  d e p le t io n  and hence 
im proved a b i l i t y  o f  th e  i n d iv id u a l  to  e s t im a te  c u r r e n t  r e s o u rc e  
d i s t r ib u t io n .
(5) Improved o p p o rtu n itie s  fo r  more dom inant and ag g ress iv e  an im als 
to  k le p to p a ra s i t is e  o th e r in d iv id u a ls .
(6) A d e c re a s e  in  th e  p r o p o r t io n  o f  tim e  t h a t  m ust be in v e s te d  in  
a n ti-p re d a to r  v ig ila n c e  (and c o n se q u e n t in c r e a s e  in  tim e  a v a i l a b le  
fo r  o th e r  a c t i v i t i e s  su ch  a s  fo r a g in g ) ,  due to  th e  s h a r in g  o f  
v ig ila n c e  w ith  o th e r members o f  th e  group.
(7) A red u c tio n  in  th e  r is k  o f  being  caught by a  p red a to r due to
a) th e  presence o f "many eyes" in c reas in g  th e  lik e lih o o d  o f th e  
approaching p red a to r be ing  d e tec te d ;
b) a  p o t e n t i a l  r e d u c t io n  in  th e  p r e d a to r 's  e f f i c i e n c y  due to  
i t s  being confused by th e  movement o f the  group;
c) th e  p red a to r being d e te r re d  by th e  g ro u p 's  u n ited  defence;
d) a  red u ced  p r o b a b i l i t y  o f  b e in g  th e  v ic t im ,  due to  th e  
" d ilu tio n "  e f f e c t .
P o te n t ia l  c o s ts  o f l iv in g  in  goups o u ts id e  o f th e  b reeding  season a re ;
(1) A reduced p ro b a b il i ty  o f  f in d in g  food item s due to
a) lo c a l  d e p le tio n ;
b) th e  p re s e n c e  o f  th e  g ro u p  c a u s in g  a te m p o ra ry  re d u c t io n  in  
food a v a i la b i l iy  due to  a  w ithdraw al response by th e  prey;
c) th e  c lo se  p ro x im ity  o f  o th e r members o f th e  group in te r f e r in g
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should l iv e  in  groups, b u t a ls o  to  how la rg e  and o f  what form th e se  
groups shou ld be.
A number o f  f a c t o r s  a f f e c t  th e  c o s t  b e n e f i t  r a t i o  o f g ro u p
s p e c ie s  and b e tw een  d i f f e r e n t  h a b i t a t s .  Thus th e  a n im a l 's  o p t im a l  
s o c ia l  environm ent may show tem poral and s p a t i a l  v a r ia t io n , ranging
i
w ith  the  search ing  e f f ic ie n c y  o f th e  in d iv id u a l.
(2) A g r e a t e r  lo s s  o f  food  i te m s  to  o th e r  in d iv id u a ls  th ro u g h  
k le p to p a ra s itism .
(3) A h ig h e r  r a t e  o f  a g g r e s s io n ,  w hich  i s  c o s t l y  in  te rm s  o f  l o s t  
tim e and energy, and th e  r i s k  o f  in ju ry .
(4) An in c reased  conspicuousness to  p re d a to rs .
(5) A g re a te r  r is k  o f d is e a se  and p a r a s i te  tran sm iss io n .
As most o f th e se  c o s ts  and b e n e f i ts  vary  according to  the  s iz e ,  
and o f te n  d e n s ity , o f groups, q u e s tio n s  concerned w ith  the  adap tive  
s ig n i f i c a n c e  o f  g ro u p s  r e l a t e  n o t  o n ly  to  w h e th e r o r n o t an a n im a l
S
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l i v in g ;  some o f  th e s e  v a r i a b l e s ,  l i s t e d  be low , re m a in  c o n s ta n t  fo r  
each sp ec ie s , w hile  o th e rs  vary  both  between in d iv id u a l members o f a
from l iv in g  a lone to  l iv in g  in  a la rg e  group. Such v a r ia b le s  a re :
(1) The s t a t u s  o f  th e  i n d iv id u a l .  S u b o rd in a te s  and d o m in an ts  may 
d i f f e r  in  th e i r  com petitive  a b i l i t i e s .
(2) Food abundance. T h ere  w i l l  be a  g r e a t e r  te n d e n c y  fo r  g ro u p s to  
form a t  food patches when food i s  l im ite d , as th e  in tru d e r  p re ssu re
w i l l  be h ig h e r  and i t  w i l l  be m ore c o s t l y  fo r  one in d iv id u a l  to  
defend th e  p a tch ,
(3) Food d is t r ib u t io n .  In c reased  p a tch in ess  o f food su p p lie s  may le ad  
to  th e  adoption  o f t e r r i t o r i a l  defence ra th e r  than  grouping.
(4) Prey type or behaviour. The p o s s ib le  c o s ts  o f p rey  w ithdraw al as 
a re sp o n se  to  th e  p r e d a to r s  w i l l  o n ly  ap p ly  to  c e r t a i n  p re y  ty p e s .
w h i le  t h e  i n c id e n c e  o f  k l e p t o p a r a s i t i s m  w i l l  depend on th e
;173
'îi;
o j ^ r t u n i t i e s  and p r o f i t a b i l i t y  o f  so doing .
(5) C o n sp icu o u sn ess  o f  th e  g ro u p . T h is  w i l l  p a r t l y  depend on th e  
ap p ea ran ce  o f  th e  s p e c ie s  c o n c e rn e d , and p a r t l y  on th e  h a b i t a t .  
C ryptic  sp ec ie s  may stand  a f a r  g re a te r  chance o f avoiding d e te c tio n  
i f  s o l i ta r y  than  i f  in  a group.
(6) The abundance o f p re d a to rs .
(7) Ihe  n a tu re  o f th e  h a b i ta t .
(8) The p r i o r i t i e s  o f the  in d iv id u a l. The food in tak e  requirem ent of 
an in d iv id u a l i s  n o t c o n s ta n t th roughout i t s  l i f e ,  and v a r ia t io n  may 
cause s h i f t s  between r isk -p ro n e  and r isk -a v e rse  fo rag ing  s t r a te g ie s .  
Thus an im als nearin g  s ta r v a t io n , p rep a rin g  fo r m ig ra tio n  or breeding 
may behave in  a  manner th a t  p o te n t ia l ly  in c rease s  th e i r  food in ta k e , 
bu t a lso  exposes them to  a h ig h e r p re d a tio n  r is k .
(9) The lo n g  te rm  re q u ire m e n ts  o f  th e  in d iv id u a l .  A nim als may 
op tim ize  th e i r  behaviour in  th e  long ra th e r  than  th e  s h o r t  term .
(10) The com position  o f th e  group. The a t t r a c t iv e n e s s  o f th e  group to  
incoming in d iv id u a ls  w i l l  depend upon th e  in d iv id u a ls  and sp ec ie s  o f  
which th e  group i s  composed.
B oth tu r n s to n e s  and p u r p le  s a n d p ip e rs  c l e a r l y  b e n e f i t  from  
fo ra g in g  in  g ro u p s  in  te rm s  o f  an in c re a s e d  o v e r a l l  a n t i - p r e d a to r  
v ig i la n c e  a t  a red u ced  t im e  c o s t  to  th e  in d iv id u a l .  Thus p r e d a to r s  
w i l l  be more re a d i ly  d e tec te d  by groups, and th e  f l i g h t  response o f  a 
h ig h ly  m an o u v erab le  f lo c k  may c o n fu se  th e  p r e d a to r  and red u ce  i t s  
success r a te  a s  has been found in  o th e r s tu d ie s  (N e ill & Cullen 1974, 
Page & W h ita c re  1975, Kus q u o te d  in  Myers 1984). The in d iv id u a ls  
p resu m ab ly  a l s o  b e n e f i t  in  t h a t ,  when in  a g ro u p , t h e i r  ch an ces  o f  
b e in g  th e  v ic t im  a re  red u ced  due to  d i l u t i o n  o f  th e  p r e d a to r 's  
e f f e c ts  (Hamilton 1971). U n fo rtu n a te ly , i t  was n o t p o s s ib le  to  study  
fo ra g in g  b e n e f i t s  d i r e c t l y ,  due to  th e  d i f f i c u l t i e s  in  q u an tify in g  
fe e d in g  r a t e s  and p re y  ty p e s ,  a s  d is c u s s e d  in  C h ap te r  4. However,
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when fo r a g in g  in  a g ro u p , d o m in an t tu r n s to n e s  appear to  have 
b e n e f i te d  from  an in c r e a s e d  o p p o r t u n i t y  t o  k l e p t o p a r a s i t i s e  
subo rd ina tes . This c le a r ly  re p re se n ts  a c o s t  to  su b o rd ina tes  of group 
fo ra g in g . M oreover, th e  l e v e l  o f  a g g re s s io n  (p red o m in a n tly  food
re la ted ) increased  s u b s ta n t ia l ly  w ith  flo ck  d e n s ity  in  both sp ec ie s . 
This suggests th a t  lo c a l  co m p etitio n , a p o te n t ia l  c o s t  o f flo ck in g .
I . .
was a l s o  in c r e a s in g  a t  h ig h e r  d e n s i t i e s .  O th e r s tu d ie s  o f fo ra g in g  
s h o re b ird s  have shown t h a t  l o s s  o f  food  and tim e  in  a g g re s s io n  a re  
on ly  two components o f th e  red u c tio n  in  e f f ic ie n c y  which occurs a t  
high flo ck  d e n s i t ie s ;  tim e devoted  to  avoid ing  encoun ters w ith  o th er 
b i r d s  may a l s o  in c r e a s e ,  and th e r e  may be a r e d u c t io n  in  s e a rc h in g  
e f f ic ie n c y  (e.g. Ens & G oss-C ustard 1984).
These c o s t s  and b e n e f i t s  o f  fo ra g in g  in  g ro u p s  w ere found to  
v a ry  in  r e l a t i o n  to  b o th  s o c i a l  and e n v iro n m e n ta l  f a c to r s .  Time 
devoted to  v ig ila n c e  d id  n o t on ly  vary  in  r e la t io n  to  group s iz e , b u t 
a lso  in  r e la t io n  to  h a b i ta t  type. Both sp ec ie s  were more v ig i la n t  in  
low v i s i b i l i t y  h a b i ta ts ,  d e p ite  th e  f a c t  th a t  they  were probably le s s  
conspicuous to  p re d a to rs . T his may ex p la in  why th ey  tended to  occur 
a t  h ig h e r  f lo c k  d e n s i t i e s  in  th e s e  low v i s i b i l i t y  h a b i t a t s ,  s in c e  
t h i s  w ould to  some e x t e n t  o f f s e t  th e  in c re a s e d  v ig i la n c e  l e v e l  
req u ired  in  th ese  h a b i ta ts .  In  tu rn s to n e s , an a l te r n a t iv e  ex p lana tion  
fo r  th e  h ig h e r  f lo c k  d e n s i t i e s  in  low  v i s i b i l i t y  h a b i t a t s  i s  t h a t ,  
s i n c e  r a t e s  o f  k l e p t o p a r s i t i s m  te n d e d  t o  be lo w e r  in  t h e s e  
predom inantly  rock and boulder a re a s , th i s  c o s t  o f  h igh  d e n s ity  was 
red u ced . However, in  p u rp le  s a n d p ip e rs  th e r e  w ere no h a b i t a t  
d if fe re n c e s  in  k le p to p a ra s itism  r a t e s ,  y e t  f lo c k  d e n s i ty  was s t i l l  
h ig h e r  in  low  v i s i b i l i t y  h a b i t a t s .  T h is  s u g g e s ts  t h a t  th e  h ig h e r  
d e n s i t ie s  in  th e se  h a b i ta ts  were probab ly  n e c e s s i ta te d  by v ig ila n c e  
requ irem ents in  both sp ec ie s .
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A fu r th e r  v a r ia b le  th a t  in flu en ces  f lo ck  d e n s ity  i s  the  s ta t e  
o f th e  t id e .  Flock d e n s i t ie s  in c reased  tow ards h igh  t id e . While th i s  
may in  p a r t  be due to  com pression o f th e  a v a ila b le  forag ing  h a b i ta t ,  
i t  i s  p o s s ib le  th a t  in c reased  p re d a tio n  r is k  in  th e  upper shore a rea  
i s  a c o n t r ib u to r y  f a c to r .  The s t r u c t u r a l  c o m p le x ity  o f  th e  upper 
shore a re a  f a c i l i t a t e s  ambush p re d a tio n  by ra p to rs  and mammals, and 
th e  t h r e a t  from  human d i s tu r b a n c e  i s  g r e a t e r  in  t h i s  a re a . O ther 
s tu d i e s  have a l s o  su g g e s te d  t h a t  f lo c k  dynam ics  a r e  in f lu e n c e d  by 
p re d a tio n  r is k .  For example W il l i s  (1972) suggested  th a t  the  absence 
o f flo ck in g  behaviour in  th e  b ird s  o f  Hawaii m ight be re la te d  to  the  
lack  o f av ian  p re d a to rs , w h ile  Caraco e t  a l. (1980a) found th a t  dark­
eyed juncos formed la rg e r  f lo c k s  when a p re d a to r was p re sen t in  th e  
a r e a .  H i th e r to  t e r r i t o r i a l  w in te r in g  s a n d e r l in g s  w ere found to  
abandon th e i r  t e r r i t o r i e s  and jo in  f lo c k s  in  y e a rs  in  which a m erlin  
frequen ted  th e i r  fo rag ing  a re a s ; moreover, fo rag in g  flo ck s  increased  
in  b o th  s i z e  and d e n s i ty  w ith  t h i s  h ig h e r  r i s k  o f  p re d a t io n  (Myers 
1984).
S in c e  th e  w ader g ro u p s  s tu d ie d  w ere c l e a r l y  n o t made up o f  
i d e n t i c a l l y  b eh av in g  u n i t s ,  th e s e  c o s t s  and b e n e f i t s  o f  f lo c k in g  
a p p l ie d  d i f f e r e n t i a l l y  to  in d iv id u a l s  in  r e la t io n  to  th e ir  s ta tu s ,  
age and s p e c ie s ,  and p o s s ib ly  a l s o  sex  (a lth o u g h  th e  l a t t e r  was n o t 
exam ined due to  th e  d i f f i c u l t i e s  o f  se x in g  b i r d s  in  th e  f i e l d ) .  I t  
has been dem onstrated (Chapter 3) th a t  in d iv id u a l tu rn s to n es  tended 
to  a s s o c ia te  w ith  only  a l im ite d  su b se t o f th e  tu rn s to n e  popu la tion  
in  th e  s tu d y  a re a .  T h is  p e r m i t te d  th e  d e v e lo p m en t o f  dom inance 
h ie ra rc h ie s ,  presum ably based on in d iv id u a l re c o g n itio n . Subordinate 
i n d i v i d u a l s  s u f f e r e d  h i g h e r  r a t e s  o f  k l e p t o p a r a s i t i s m ,  and  
converse ly , dom inant in d iv id u a ls  were ab le  to  o b ta in  both food item s 
and feed ing  p o s it io n s  from o th e r  b ird s . The a g g re ss io n -re la te d  c o s ts  
and b e n e f i ts  o f group fo rag in g  were th e re fo re  d i f f e r e n t  fo r d i f f e r e n t
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in d iv id u a ls . The c o s ts  o f in c re a s in g  flo c k  d e n s ity  were g re a te r  fo r 
su b o rd in a tes , lead ing  to  d if f e r e n c e s  in  the  optimum flo ck  d en s ity  fo r 
in d iv id u a ls  o f d i f f e r e n t  s ta tu s .  Search p a th s  d if f e r e d  in  r e la t io n  to  
s t a t u s  when tu r n s to n e s  w ere f e e d in g  in  d en se  f lo c k s .  S u b o rd in a te s  
were le s s  l ik e ly  to  move tow ards near neighbours than  were dom inants, 
presum ably because o f th e  r i s k  o f  being k lep to p ar as i t  ised . However, 
s in c e  th e  r e g u la t io n  o f  f lo c k  d e n s i ty  i s  n o t w h o lly  w ith in  th e  
c o n tro l o f each in d iv id u a l, i t  i s  l ik e ly  th a t  some in d iv id u a ls  had to  
fo rage under sub-op tim al c o n d itio n s .
One con seq u en ce  o f  th e  movem ent p a t t e r n s  o f  s u b o rd in a te s  a s  
com pared w ith  d o m in an ts  i s  t h a t  s u b o rd in a te s  may te n d  to  end up on 
th e  p e rip h e ry  o f f lo c k s , where th ey  a re  presum ably more vu lnerab le  to  
p red a tio n  (Vine 1971, Kus quoted in  Myers 1984). There i s  evidence to  
suggest th a t  ju v e n ile  tu rn s to n e s  tend  on th e  whole to  be subord inate  
to  a d u l t s  (G roves 1978, P. W h i t f i e ld  p e r s .  comm.). T here  was an 
i n s u f f i c i e n t  number o f  m arked ju v e n i l e s  in  t h i s  s tu d y  to  exam ine 
t h e i r  s t a t u s  in  d e t a i l .  H ow ever, o v e r a l l ,  j u v e n i l e s  w ere found to  
d is a p p e a r  from  th e  s tu d y  a r e a  a t  a  h ig h e r  r a t e  th a n  a d u l t s ,  
p re su m ab ly  due to  a c o m b in a tio n  o f  h ig h e r  m o r t a l i t y  and h ig h e r  
v a g i l i ty ,  a s  has been shown in  o th e r  s tu d ie s  (Kus e t  a l ,  1984, Myers 
1984, P .W hitfie ld  p e rs . comm.). In  g e n e ra l, su rv iv a l o f dominants i s  
l ik e ly  to  be g re a te r  than  th a t  o f  su b o rd in a tes  (due to  g re a te r  access 
to  a v a ila b le  food reso u rces  and a  reduced r i s k  o f  p red a tio n ), which 
has c le a r  im p lic a tio n s  fo r  th e  dynamics o f th e  p opu la tion .
A lthough  b o th  tu r n s to n e s  and p u rp le  s a n d p ip e r s  w ere found in  
th e  same m u l t i - s p e c i e s  f l o c k s ,  th e  r e l a t i v e  c o s t s  and b e n e f i t s  o f 
f lo c k in g  d i f f e r e d  b e tw een  th e  tw o . I t  was e s t a b l i s h e d  t h a t ,  in  
co m p ariso n  w ith  tu r n s to n e s ,  p u r p le  s a n d p ip e r s  do n o t ap p ea r to  
b e n e f i t  a s  much, in  te rm s  o f  re d u c ed  tim e  s p e n t  v i g i l a n t ,  from  th e
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p re s e n c e  o f  o th e r  s p e c ie s  in  th e  f lo c k .  In  c o n t r a s t  to  tu r n s to n e s ,  
th e  number o f  p u rp le  s a n d p ip e r s  in  p a r t i c u l a r  l o c a l i t i e s  v a r ie d  
g r e a t l y  from  day to  day . T h is  may have been  a consequence  o f th e  
g re a te r  need fo r in d iv id u a l p u r p le  s a n d p ip e r s  to  rem a in  a s s o c ia te d  
w ith  a co n sp e c if ic  flo ck  in  o rd e r to  o b ta in  th e  v ig ila n c e  b e n e f its  of 
flock ing . Thus the  use o f  a p a r t i c u la r  feed ing  s i t e  i s  more l ik e ly  to  
be dependent upon th e  p resence  o f co n sp e c if ic s  in  gurp le  sandpipers 
th a n  in  tu r n s to n e s .  In  tu r n s to n e s ,  one b e n e f i t  o f " t r u s t in g "  
h e t e r o s p e c i f i c s  i s  t h a t  c o n s p e c i f i c  d e n s i ty  can  be red u ced , so 
reducing lo c a l com petition  and i n t e r f e r e n c e ,  w h ile  m a in ta in in g  th e  
v ig i l a n c e  b e n e f i t s  o f  h ig h e r  f lo c k  d e n s i t i e s .  T h a t t h i s  i s  n o t th e  
c a se  f o r  p u rp le  s a n d p ip e rs  m eans t h a t ,  to  o b ta in  a g iv e n  v ig i la n c e  
l e v e l ,  th e y  m ust t o l e r a t e  h ig h e r  c o n s p e c i f ic  d e n s i t i e s  th a n  do 
tu r n s to n e s .  P resu m ab ly , th e y  a r e  a b le  to  do t h i s  b ecau se , b e in g  
t a c t i l e  r a th e r  th a n  v i s u a l  f e e d e r s ,  th e y  a c t u a l l y  s u f f e r  l e s s  
i n t e r f e r e n c e  from  c o n s p e c i f i c s  when s e a rc h in g  f o r  food. S im ila r  
to le r a n c e s  o f h ig h  c o n s p e c i f i c  d e n s i t i e s  have been  re p o r te d  fo r  
t a c t i l e  fo rag ing  waders in  o th e r  s tu d ie s  (Goss-Custard 1976, 1980).
In  tu rn s to n es  and p u rp le  sandp ipers  th e  a n ti-p re d a to r  b e n e f its  
o f  m ixed s p e c ie s  f lo c k in g  a p p e a r  to  a p p ly  m a in ly  to  p re d a to r  
d e te c t io n .  The c h a r a c t e r i s t i c  re s p o n se  o f  su ch  f lo c k s  in  th e  s tu d y  
a r e a  to  th e  app ro ach  o f  a r a p to r  was t h a t  th e  f l i g h t  f lo c k s  w ere  
com posed o f  s p e c ie s  o f  s i m i l a r  s i z e s .  Thus tu r n s to n e s  and s m a ll  
s a n d p ip e rs  d e p a r te d  to g e th e r ,  becom ing s e p a r a te d  from  th e  l a r g e r  
waders such as redshank, o y s te r  c a tc h e rs  and cu rlew s, w ith  which they 
had p rev io u s ly  been fo rag in g . T h is tendency to  tak e  f l i g h t  w ith  b ird s  
o f  a s i m i l a r  s i z e  may, in  p a r t ,  be due to  th e  d i f f i c u l t i e s  o f  
m ain ta in ing  the flo ck  cohesion  necessa ry  to  confuse a  p reda to r when 
th e  f lo c k  i s  com posed o f  in d iv id u a l s  o f  v e ry  d i s p a r a t e  s iz e  and 
f ly in g  perform ance. A fu r th e r  p o s s ib le  d isadvantage  o f  mixed sp ec ie s
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f l i g h t  f lo c k s  i s  t h a t  i t  may be e a s i e r  fo r  th e  p u rs u in g  p re d a to r  to  
s e le c t  a v ic tim , due to  th e  in c reased  conspicuousness o f in d iv id u a ls  
o f  s p e c ie s  w hich c o m p r ise  th e  m in o r i ty  o f  th e  f lo c k  ( i .e .  th e  s o -  
c a lle d  "oddity" e f f e c t  (C urio  1976)),
Not on ly  were th e  groups n o t composed o f id e n t ic a l ly  behaving 
u n i t s ,  b u t  th e  b e h a v io u r  o f  th e  in d iv id u a ls  th e m se lv e s  was n o t  
c o n s ta n t ,  v a ry in g  in  sp ace  and tim e . Some o f  th e  ways in  w hich 
e n v iro n m e n ta l  h e te r o g e n e i ty  a f f e c t e d  sp a c in g  b e h av io u r have been  
d iscussed  above. Temporal v a r ia t io n  in  v a g i l i ty ,  f lo ck  dynamics and 
in d iv id u a l  t im e  b u d g e ts  w ere a l s o  found to  o c cu r in  t h i s  s tu d y . In  
s p r in g ,  tu r n s to n e s  w ere found  to  in c r e a s e  th e  s i z e  o f t h e i r  home 
ranges. This occurred  a t  th e  same tim e  as  (a) an o v e ra l l  reduction  in  
th e  numbers o f both  tu rn s to n e s  and (esp ec ia lly ) o th e r spec ies  in  the  
s tu d y  a r e a ,  due to  th e  d e p a r tu r e  o f  some b i r d s  f o r  t h e i r  b re e d in g  
g ro u n d s ,  and  (b) an  i n c r e a s e d  a g g r e g a t i o n  o f  t h e  r e m a in in g
tu rn s to n e s , lead in g  to  h igher tu rn s to n e  f lo ck  d e n s i t ie s .  There a re  a 
number o f p o ss ib le  ex p lan a tio n s  o f  th e se  changes. As suggested in  th e  
p re v io u s  c h a p te r ,  th e  in c r e a s e  in  c o n s p e c i f ic  d e n s i ty  in  th e  
tu rn s to n e  may have been  to  co m p en sa te  fo r  red u ced  h e te r o s p e c i f i c  
d e n s i ty .  The d is tu r b a n c e  e x p e r im e n ts  a t  o th e r  tim e s  o f  y e a r  
d e m o n s tra te d  t h a t ,  in  th e  a b se n c e  o f  h e t e r o s p e c i f i c s ,  tu r n s to n e s
increased their local flock density. This hypothesis is further 
supported by the fact that purple sandpipers (which do not benefit 
from the presence of these other species) did not alter their 
conspecific flock density between winter and spring. Thus the 
increase in home range size observed in the turnstone probably 
reflects the increased movement necessary for the formation of flocks
due to  th e  o v e ra l l  decrease  in  th e  number o f b ird s  in  the  area.
A l t e r n a t i v e l y ,  th e  in c r e a s e d  ran g e  s i z e  may have been due to
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p re y  d e p l e t io n  n e c e s s i t a t i n g  an e x p an s io n  o f  fo r a g in g  ra n g e , o r 
r e f l e c t  a  movement o f  s u b o r d in a te s  in to  p r e f e r r e d  a re a s  on th e  
d e p a r tu re  o f  d o m in a n ts . T hese e x p la n a t io n s  a r e  l e s s  l i k e l y  fo r  th e  
fo l lo w in g  re a s o n s . P rey  abundance may in  f a c t  be in c re a s in g  r a th e r  
than  decreasin g  by th e  tim e tu rn s to n es  and p u rp le  sandpipers m ig ra te ; 
f u r th e rm o re ,  i f  p re y  d e p le t io n  had o c c u r re d , i t  w ould be e x p ec te d  
th a t  f lo ck  d e n s i t ie s  would decrease  ra th e r  than  in c re a se , in  order to  
red u ce  l o c a l  c o m p e t i t io n . The r e m a in in g  t u r n s t o n e s  w e re  n o t  
c o n s is te n tly  found in  p a r t ic u la r  l o c a l i t i e s ,  b u t r a th e r  wandered over 
th e  e n t i r e  s tu d y  a r e a ,  w hich im p l ie s  t h a t  th e y  w ere  n o t occupy ing  
p re fe rre d  a reas . Moreover, s in ce  th e re  was no c o r r e la t io n  between th e  
s i z e  o f  a b i r d 's  w in te r  home ra n g e  and th e  e x t e n t  o f  i t s  s p r in g  
v a g ra n cy , and s in c e  home ran g e  s i z e  was c o r r e l a t e d  w ith  dom inance 
s t a t u s ,  th e  im p l ic a t io n  i s  t h a t  d o m in an ts  w andered  a s  much a s  
s u b o r d in a te s ,  w hich would a l s o  ru n  c o u n te r  to  th e  h y p o th e s is  t h a t  
movements were caused by su b o rd in a tes  invading those  a reas  p rev io u s ly  
occupied by more dominant b ird s .
The s i t u a t i o n  i s  f u r th e r  c o m p lic a te d  by th e  f a c t  t h a t ,  in  
sp rin g , th e  p r i o r i t i e s  o f th e  a d u lt  tu rn s to n e  have a l te r e d  due to  th e  
need to  b u i ld  up f a t  r e s e r v e s  p r io r  to  th e  m ig r a t io n  to  t h e i r  
breeding grounds. The tim e budgets o f a d u lts ,  b u t n o t ju v e n ile s , were 
found to  a l t e r  in  s p r in g  su ch  t h a t  th e y  d e v o te d  more tim e  to  
fo rag ing . The o v e ra l l  le v e l  o f a d u lt  v ig ila n c e  decreased  a t  t h i s  tim e 
independent o f f lo c k  d e n s ity . T his undoubtedly le a d s  to  an increased  
r is k  o f p re d a tio n , e sp e c ia l ly  a t  th e  low ered f lo c k  d e n s i t ie s  which 
would have occurred  a f t e r  th e  d ep artu re  o f th e  o th e r  b ird s , had th e  
rem aining tu rn s to n e s  n o t aggregated.
T h is  s tu d y  h as th e r e f o r e  shown t h a t  th e  s p a c in g  b eh av io u r o f  
in d iv id u a l sh o reb ird s  in  th e  non-breeding season re p re se n ts  a  tra d e  
o f f  between th e  c o s ts  and b e n e f i ts  o f l iv in g  in  groups, and th a t  th e
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r e l a t iv e  le v e ls  o f  th ese  c o s ts  and b e n e f i ts  va ry  w ith  season, h a b ita t  
and in d iv id u a l  s t a t u s .  S uch  d i f f e r e n c e s  a f f e c t  th e  f l o c k i n g  
behaviour, d isp e rs io n  and u l t im a te ly  th e  su rv iv a l o f  in d iv id u a ls , and 
hence th e i r  p o p u la tio n  dynamics.
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